
For peer review
 only

 

 

 

Long-term effectiveness of the community-based Complete 
Health Improvement Program (CHIP) lifestyle intervention: 

a cohort study 
 

 

Journal: BMJ Open 

Manuscript ID: bmjopen-2013-003751 

Article Type: Research 

Date Submitted by the Author: 07-Aug-2013 

Complete List of Authors: Kent, Lillian; Avondale College of Higher Education, Faculty of Education 
and Science 
Morton, Darren; Avondale College of Higher Education, Faculty of 

Education and Science 
Hurlow, Trevor; Waratah Medical Services,  
Rankin, Paul; Avondale College of Higher Education, Faculty of Education 
and Science 
Hanna, Althea; New Zealand Pacific Union Conference, Health 
Diehl, Hans; Loma Linda University, Medicine 

<b>Primary Subject 
Heading</b>: 

Public health 

Secondary Subject Heading: 
Cardiovascular medicine, Nutrition and metabolism, Public health, Diabetes 
and endocrinology 

Keywords: 
Cardiac Epidemiology < CARDIOLOGY, NUTRITION & DIETETICS, 
PREVENTIVE MEDICINE, General diabetes < DIABETES & ENDOCRINOLOGY 

  

 

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review
 only

Title: Long-term effectiveness of the community-based Complete Health Improvement Program 

(CHIP) lifestyle intervention: a cohort study 

Authors: Lillian Kent, Darren Morton, Trevor Hurlow, Paul Rankin, Althea Hanna, Hans Diehl. 

Addresses: Avondale College of Higher Education, 582 Freemans Drive (PO BOX 19), COORANBONG, 

NSW Australia 2265 senior lecturer Darren Morton Avondale College of Higher Education, 582 

Freemans Drive (PO BOX 19), COORANBONG, NSW Australia 2265 senior lecturer Trevor Hurlow 

Waratah Medical Services, Morisset NSW medical practitioner, Paul Rankin Avondale College of 

Higher Education, 582 Freemans Drive (PO BOX 19), COORANBONG, NSW Australia 2265 PhD 

student Althea Hanna New Zealand Pacific Union Conference, Fencible House, 18 Fencible Drive, 

Howick, AUCKLAND, New Zealand 2014 health cordinator Hans Diehl Lifestyle Medicine Institute, PO 

Box 818, LOMA LINDA, California, USA 92354 professor 

 

Correspondence to: lillian.kent@avondale.edu.au  

 

This observational study was reported according to the STROBE statement. 

Page 1 of 19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

1 

 

Long-term effectiveness of the community-based Complete 

Health Improvement Program (CHIP) lifestyle intervention: a 

cohort study 
 

Abstract 

 

Objective: To examine the long-term effectiveness of the volunteer-delivered 

CHIP intervention. 

 

Design: Cohort study 

 

Setting: Hawera, New Zealand 

 

Participants: Of the total cohort of 284 individuals who self-selected to complete 

the CHIP lifestyle intervention between 2007 and 2009, 106 (age = 64.9±7.4 

years, range 42-87 years; 35% males, 65% female) returned in 2012 for a 

complimentary follow-up health assessment (mean follow-up duration = 

49.2+10.4 months). 

 

Intervention: 30-day lifestyle modification program (diet, physical activity, 

substance use and stress management) delivered by volunteers in a community 

setting. 

 

Main outcome measures: Changes in body mass index (BMI), systolic and 

diastolic blood pressure (SBP, DBP), fasting plasma glucose (FPG), total 

cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL) 

and triglycerides (TG). 

 

 

Results: After approximately 4 years, participants with elevated biometrics at 

program entry maintained significantly lowered BMI (-3.2%; 34.8±5.4 versus 

33.7±5.3 kg/m2, p=0.02), DBP (-9.4%; 89.1±4.1 versus 80.8±12.6 mmHg, 

p=0.005), TC (-5.5%; 6.1±0.7 versus 5.8±1.0 mmol/L, p=0.04) and TG (-27.5%; 

2.4±0.8 versus 1.7±0.7 mmol/L, p=0.002). SBP, HDL, LDL and FPG were not 

significantly different from baseline. Participants with elevated baseline 

biometrics who reported being compliant to the lifestyle principles promoted in 

the intervention (N=71, 67%) recorded further reductions in BMI (-4.2%; 

34.8±4.5 versus 33.4±4.8 kg/m2, p=0.02), DBP (-13.3%; 88.3±3.2 versus 

77.1±12.1 mmHg, p=0.005) and FPG (-10.4%; 7.0±1.5 versus 6.3±1.3 mmol/L, 

p=0.02).  

 

Conclusions: Individuals who entered the CHIP lifestyle intervention with 

elevated risk factors were able to maintain improvements in most biometrics for 

more than three years. The results suggest that the community-based CHIP 

lifestyle intervention can be effective in the longer-term, even when delivered by 

volunteers.  

 

Key words: lifestyle intervention, CHIP, chronic disease, community based, 

volunteer, long-term 
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Article Summary 

 

Article focus:  

1. Lifestyle interventions are attracting increasing attention for managing 

the burgeoning rise of chronic disease. 

2. Lifestyle interventions for preventing and managing chronic diseases are 

perceived to be costly and to have limited usefulness for reducing chronic 

disease risk in the long-term. 

3. The Complete Health Improvement Program (CHIP) has demonstrated 

significant short-term benefits for the management of a number of 

chronic diseases. The aim of this study is to examine the long-term 

effectiveness of the volunteer-delivered CHIP intervention. 

Key messages: 

1. The CHIP intervention allows an ad libitum eating pattern, emphasising 

consumption of plant-based, whole-foods, which, being high in bulk, are 

satiating, but not calorically dense.  

2. Long-term reductions in chronic disease risk factors can be achieved 

through an intensive, professionally-developed lifestyle intervention 

delivered by volunteers. 

3. The CHIP intervention is an inexpensive tool for addressing the global 

public health crisis of chronic disease, particularly when delivered by 

volunteers. 

Strengths: 

1. Long-term appraisal of a lifestyle intervention program. 

2. This, longest-term appraisal of CHIP to date, compares favourably with 

other professionally delivered CHIP interventions, including a RCT 

3. This study compares favourably with other professionally delivered non-

CHIP lifestyle interventions e.g. Diabetes Prevention Program. 

Limitations: 

1. Small sample size  

2. Possible selection bias in the follow-up group with 37% returning for 

long-term follow-up. 

3. Compliance to lifestyle behaviours was inadequately measured. 
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Introduction 

  

The burden of chronic diseases, including cardiovascular disease (CVD), diabetes 

and cancer, represents a major health challenge worldwide [1 2]. Deaths from 

chronic diseases are projected to increase by 15% by 2020 [1]. Unhealthy 

lifestyle is recognized as one of the major risk factors of chronic diseases [1] and 

lifestyle interventions have been shown to be efficacious for their primary, 

secondary and early tertiary prevention [3-8]. Consequentially, lifestyle 

interventions are attracting increasing attention for managing the burgeoning 

rise of chronic disease.  

 

While the merits of lifestyle interventions for managing chronic diseases are 

acknowledged, concerns exist regarding recidivism and cost. Health behavior 

decay is commonly observed in weight loss interventions, with long-term 

adherence to dietary modifications typically only achieved by a small proportion 

of individuals [9 10].  Notwithstanding, the Diabetes Prevention Program has 

shown meaningful reductions in body mass for up to 10 years after program 

entry [11]. With regards to cost, lifestyle interventions are often resource 

intensive and hence expensive. Residential programs, while demonstrating a 

high level of efficacy in the short-term, are especially cost prohibitive for many 

individuals. However, an increasing number of community-based interventions 

are becoming available. Recently, an adaptation of the Diabetes Prevention 

Program, utilizing community-health workers in community settings, was shown 

to be effective in reducing and maintaining reductions in weight, waist 

circumference and various diabetes indices two years after program entry [12].   

 

The Complete Health Improvement Program (CHIP) is an intensive, community 

based lifestyle intervention that has demonstrated significant short-term 

benefits for the management of a number of chronic diseases [13-16]. The CHIP 

intervention has been delivered by both health professionals [17 18] and trained 

volunteers [7 8]. The aim of this study was to examine the long-term 

effectiveness of volunteer-delivered CHIP interventions which can be facilitated 

inexpensively. 

 

Methods 

 

The study targeted a rural community in New Zealand where CHIP interventions 

have been delivered by a team of volunteers since 2007. The volunteers had 

undergone two days of training to develop group facilitation skills and then been 

equipped with the comprehensive CHIP resource package that included: a 

curriculum guide for program delivery, 16 pre-recorded educational lectures 

presented by qualified experts, a cookbook and participant textbook and journal. 

The role of the volunteer director was to organise and facilitate the proceedings 

of the group sessions, not to educate. 

 

Participants who completed the intervention three or more years previously 

(N=284) were invited to participate in the study, which involved a 

complimentary follow-up medical assessment. Of these 284 individuals, 106 (age 

= 64.9±7.4 years, range 42-87 years) agreed to participate in the study (37% 
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response rate). These individuals had completed the CHIP intervention on 

average 49.2±10.4 months (range = 3-5 years) prior to follow-up. 

 

The 30-day group-based CHIP intervention, previously described [7 8], had 

encouraged and supported the participants to move towards a low-fat, plant-

based diet ad libitum, with emphasis on the whole-foods consumption of grains, 

legumes, fruits and vegetables. The program had also encouraged participants to 

engage in 30 minutes of moderate-intensity physical activity daily and practice 

stress management techniques. Following completion of the program, a monthly 

support group was offered to the participants, although it was not considered 

part of the intervention. The same team of volunteer facilitators had delivered all 

the CHIP interventions in a uniform manner, utilizing the program resources 

provided.  

 

At program entry, program completion (30 days) and follow-up (approximately 

4 years), the participants’ height, weight and BP were taken, and fasting (12-

hour) blood samples were collected by trained phlebotomists and analyzed by a 

local pathology laboratory. Blood samples were analyzed for TC, LDL, HDL, TG 

and FPG levels. At follow-up, participants were also asked to complete a 

questionnaire that assessed their compliance with lifestyle principles advocated 

by the CHIP intervention. Participants were also asked about their attendance at 

the post-intervention monthly support meetings.  

 

The data were analyzed using IBM™ Statistics (version 19) and expressed as 

mean±standard deviation. The extent of changes (percent, and mean with 95% 

confidence intervals (CI)) from baseline to post-intervention (30 days) and 

follow-up (mean = 49 months) were assessed using Analysis of Variance 

(repeated measures). We have previously shown that participants who make the 

greatest improvements in their biometrics during the CHIP intervention are 

those with the highest baseline levels [7]. Hence, the participants were stratified 

by normal or elevated baseline biometric levels.  Cut-points for the biometrics 

included in the Metabolic Syndrome assemblage, as described by Alberti, et al. 

[19], were used: raised blood pressure (systolic ≥130 mmHg and/or diastolic ≥ 

85 mmHg), elevated FPG (≥5.5mmol/L), increased TG (≥1.7mmol/L), decreased 

HDL (<1.03mmol/L in males and <1.3mmol/L in females) and waist 

circumference indicative of central obesity. As waist circumference was not 

measured in this study, body mass index (BMI) >30 kg/m2 was used as a 

surrogate, as suggested by the International Diabetes Federation (IDF, 2006). 

Cut-points for TC (≥5.2mmol/L) and LDL (≥2.6mmol/L), not part of the suite of 

Metabolic Syndrome risk factors, were taken from the National Cholesterol 

Education Program Adult Treatment Panel III guidelines [20]. Pearson’s Chi-

square test was used on all demographic data variables, in order to investigate 

trends between participants who returned for follow-up and those who did not. 

Independent t-tests were used to compare baseline biometrics. The relationships 

between nominal variables likely to be associated with CHIP compliance were 

examined using Spearman’s rank-order correlation (ρ) with two-tailed tests of 

significance. Participants were asked to what extent they adopted the principles 

promoted in the CHIP intervention since completing the program and a  

dichotomous variable was created: compliant (“all” or “most of principles”) and 
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non-compliant (“a few” or “none of principles”).  For all analyses, results were 

considered significant at P < 0.05.   

 

Results 

 

Significant improvements in all biometrics were observed over the 30-day 

intervention for the 106 participants who returned for the follow-up assessment 

(Table 1), which is consistent with other studies of the 30-day effectiveness of 

the CHIP intervention [7 8]. However, the primary interest of this study was the 

longer-term sustainability.   

 

Table 1 Changes in biometrics at completion of the 30-day CHIP intervention.  

N Baseline 30 days Mean change (95% 

CI) 

% 

change 

Weight (kg) 106 83.42±17.05 79.63±15.93 -3.79 (-4.20 to -3.38) -4.5** 

BMI (kg/m2) 106 30.07±5.57 28.72±5.28 -1.35 (-1.49 to -1.21) -4.5** 

SBP (mmHg) 106 130.32±13.05 123.00±11.42 -7.32 (-9.48 to -5.17) -5.6** 

DBP (mmHg) 106 76.92±10.30 73.41±10.47 -3.51 (-5.46 to -1.56) -4.6* 

TC (mmol/L) 106 5.35±1.04 4.33±0.99 -1.01 (-1.13 to -0.90) -18.9** 

HDL (mmol/L) 106 1.35±0.32 1.23±0.28 -0.12 (-0.15 to -0.09) -8.7** 

LDL (mmol/L) 106 3.36±0.94 2.56±0.86 -0.80 (-0.90 to -0.70) -23.7** 

TG (mmol/L) 106 1.41±0.74 1.22±0.61 -0.18 (-0.29 to -0.08) -13.1* 

FPG (mmol/L) 106 5.72±1.07 5.36±0.65 -0.37 (-0.50 to -0.23) -6.4** 
**p<0.001, **p<0.05 

 

Table 2 Baseline characteristics of participants who attended follow-up and 

those who did not.  

Characteristic 

Attended 

follow-up (%) 

Did not attend 

follow-up (%) p 

Gender Male 37 (35.2) 62 (34.6) 0.92 

 Female 68 (64.8) 117 (65.4)  

Marital status Single 3 (3.0) 13 (7.6) 0.18 

 Married 90 (90) 136 (80.0)  

 Divorced 4 (4.0) 10 (5.9)  

 Widowed 3 (3.0) 11 (6.5)  

Age, mean (SD), years 60.58 (8.41) 58.35 (12.49) 0.07 

Weight, mean (SD) kg 83.44 ( 17.13) 91.14 (19.17) 0.001 

BMI, mean (SD), kg/m2 30.04 (5.58) 32.92 (6.56) <0.001 

SBP, mean (SD), mmHg 130.26 (13.09) 132.92 (15.55) 0.14 

DBP, mean (SD), mmHg 77.03 (10.28) 77.36 (11.34) 0.80 

TC, mean (SD), mmol/l 5.35 (1.05) 5.27 (1.11) 0.52 

LDL, mean (SD), mmol/l 3.37 (0.93) 3.26 (0.97) 0.35 

HDL, mean (SD), mmol/l 1.34 (0.32) 1.26 ((0.34) 0.05 

TG, mean (SD), mmol/l 1.41 (0.74) 1.63 (0.84) 0.03 

FPG, mean (SD), mmol/l  5.72 (1.08) 6.10 (1.86) 0.03 

 

Table 2 shows baseline characteristics of participants who did and did not attend 

the 3-5 year follow-up testing. There were no significant differences between the 

participants who did and did not undergo the 3-5 year follow-up testing in 
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baseline age, gender, marital status, SBP, DBP, TC, LDL and HDL. Individuals who 

did not attend the follow-up had significantly higher BMI, TG and FPG at program 

entry. There were no differences between those who and who did not attend 

follow-up, in the amount of change experienced in any of the biometrics during 

the 30-day intervention, even for the biometrics that were different between the 

groups at baseline (BMI: 1.35±0.77 kg/m2 versus 1.35±0.72 kg/m2, p=1.00; TG: 

0.16±0.64 mmol/L versus 0.19±0.56 mmol/L, p=0.71; FPG: 0.55±1.49 mmol/L 

versus 0.36±0.70 mmol/L, p=0.23). 

 

Of the 106 individuals who attended the follow-up, no significant change in any 

biometric was found. However, when changes in the biometrics were examined 

by baseline level of risk, significant decreases in several biometrics were 

observed (Table 3). Participants with elevated BMI, DBP, TC and TG at program 

entry had significantly lowered levels of these biometrics at the 49-month 

follow-up (Table 3). Conversely, follow-up levels of BP, LDL and FPG increased 

above baseline levels for participants who commenced the program with normal 

levels (Table 3).  

 

Of the 106 CHIP participants who returned for follow-up assessments 71 (67%) 

reported being compliant to the lifestyle principles following completion of the 

30-day program. Participants who reported being compliant were 2.8±5.8 kg 

(95% CI -4.48 to -1.11) (p<0.001) lighter at follow-up compared to program 

entry whereas the non-compliant participants had gained 1.8±7.0 kg (95% CI -

1.27 to 4.82) (p=0.46), amounting to a change difference of almost 5 kg between 

the groups (p=0.001). The compliant and non-compliant groups were further 

analyzed according to baseline biometric risk levels (Table 4). Similar trends can 

be observed in Tables 3 and 4; however, compliant individuals who entered the 

program at elevated risk had even greater improvements in BMI, DBP and FPG 

(Table 4). Notably, compliant participants with elevated BMI at program entry 

weighed 4.9±7.2 kg (95% CI -8.10 to 1.62) less at the 3-5 year follow-up 

(p=0.002). Compliant participants with elevated baseline biometrics had 

significant reductions at follow-up for 3 of the 5 criteria for the Metabolic 

Syndrome. Conversely, compliant participants who commenced the program 

with normal baseline levels reported increases at follow-up in several biometrics 

(Table 4). Analyses of the non-compliant participants by baseline risk levels 

were not possible due to small numbers. 

 

Post-intervention compliance was positively correlated with attendance at the 

monthly support meetings (ρ=0.402, p<0.001). Although only 26 of the study 

participants reported attending these meetings, all of these individuals reported 

being compliant to the lifestyle principles presented in the program. These 

individuals had a 3.5±4.8 kg (95% CI -5.95 to -1.12) (p=0.003) weight loss at 

follow-up but this was not significantly different (p=0.50) to the compliant 

individuals who did not attend the monthly support meetings (2.6±6.2 kg, 95% 

CI -4.92 to -0.24; p=0.03). While only few in number (N=13), participants who 

attended the support meetings and entered the program with elevated BMI had a 

highly significant weight loss at follow-up (5.6±5.3 kg, 95% CI -9.71 to -1.46; 

p=0.008). Yet this was once again not significantly different (p=0.82) to the 
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compliant individuals who entered the program with elevated BMI but did not 

attend the support meetings (N=18; 5.0±8.2 kg, 95% CI -10.11 to 0.11; p=0.06).  

 

Attendance at monthly support meetings was not related to participating in the 

CHIP intervention with a spouse or friend (ρ=0.008, p=0.93): equal proportions 

of participants who attended with a partner either did or did not attend support 

meetings (69.2% versus 68.4%, p=0.93). Similarly, attending the CHIP 

intervention with a partner was not related to reported compliance at follow-up 

(ρ=0.17, p=0.08): there was no difference in the proportion of individuals who 

participated with a partner who reported being compliant or not compliant 

(73.2% versus 55.9%, p=0.08). 
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Table 3 Changes in biometrics at program completion and 3-5 years follow-up for participants with elevated baseline risk levels 
Factor Normal levels Elevated levels 

N Baseline 30 days % change; mean 

change (95% CI) 

3-5 years 

follow-up 

% change; mean 

change (95%CI) 

N Baseline 30 days % change; mean 

change (95%CI) 

3-5 years 

follow-up 

% change; mean 

change (95%CI)  

BMI (kg/m2) 62 26.75±2.33 25.58±2.17 -4.4; -1.17 (-1.33 

to -1.02)** 

27.03±3.01 1.1; 0.28 (-0.34 

to 0.90) 

44 34.75±5.44 33.15±5.20 -4.6; -1.60 (-1.93 

to -1.27)** 

33.65±5.28 -3.2; -1.10 (-2.04 

to -0.16)* 

SBP (mmHg) 46 119.04±8.06 117.89±10.91 -1.0; -1.15 (-4.82 

to 2.51) 

129.67±14.23 8.9; 10.63 (5.38 

to 15.89)** 

60 138.97±8.8

4 

126.92±10.27 -8.7; -12.05 (-

15.14 to -8.96)** 

140.53±13.49 1.1; 1.57 (-3.04 

to 6.17) 

DBP (mmHg) 79 72.75±8.25 72.00±10.39 -1.0; -0.75 (-3.20 

to 1.70) 

77.58±11.23 6.6; 4.84 (2.19 to 

7.48)** 

27 89.11±4.12 77.52±9.77 -13.0; -11.59 (- 

16.15 to -7.03)** 

80.78±12.55 -9.4; -8.33 (-

14.40 to -2.27)* 

TC (mmol/L) 48 4.41±0.52 3.60±0.64 -18.4; -0.81 (-

0.98 to -0.65)** 

4.73±1.11 7.3; 0.32 (-0.03 

to 0.68)^ 

58 6.12±0.66 4.94±0.80 -19.2; -1.18 (-

1.39 to -0.97)** 

5.78±1.04 -5.5; -0.34 (-0.66 

to -0.01)* 

HDL (mmol/L) 72 1.50±0.27 1.34±0.25 -10.5; -0.16 (-

0.12 to -0.20) ** 

1.40±0.30 -6.7; -0.10 (-0.05 

to -0.15)** 

34 1.04±0.17 1.00±0.17 -3.4; -0.04 (-0.08 

to 0.01) 

1.11±0.31 7.2; 0.07 (-0.01 

to 0.16) 

LDL (mmol/L) 20 2.07±0.50 1.50±0.40 -27.5; -0.57 (-
0.73 to -0.41)** 

2.59±0.83 25.2; 0.52 (0.10 
to 1.04)* 

86 3.66±0.73 2.81±0.74 -23.2; -0.85 (-
0.99 to -0.71)** 

3.58±0.96 -2.2; -0.08 (-0.32 
to 0.16) 

TG (mmol/L) 80 1.09±0.32 1.05±0.37 -3.5; -0.04 (-0.11 

to 0.04)* 

1.19±0.56 9.6; 0.11 (-0.05 

to 0.26) 

26 2.39±0.78 1.76±0.87 -26.5; -0.64 (-

1.08 to -0.19)* 

1.73±0.72 -27.5; -0.66 (-

1.09 to -0.23)* 

FPG (mmol/L) 66 5.17±0.29 5.06±0.30 -2.1; -0.11 (-0.21 

to -0.01_* 

5.29±0.40 2.4; 0.13 (0.03 to 

0.22)* 

40 6.64±1.26 5.85±0.76 -11.8; -0.79 (-

1.14 to -0.43)** 

6.24±1.27 -6.0; -0.40 (-0.89 

to 0.10) 

**p<0.001; *p<0.05; ^p<0.1 
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Table 4 Changes in biometrics at program completion and 3-5 years follow-up by baseline level among self-reported compliant 

participants 
Factor Normal Elevated 

 N Baseline 30 days % change; mean 

change (95%CI) 

3-5 years 

follow-up 

% change; mean 

change (95%CI_ 

N Baseline 30 days % change; mean 

change (95%CI) 

3-5 years 

follow-up 

% change; mean 

change (95%CI) 

BMI (kg/m2) 39 26.51±2.50 25.33±2.34 -4.5; -1.18 (-1.40 

to -0.97** 

26.22±2.75 -1.1; -0.29 (-0.92 

to 0.24) 

32 34.82±4.54 33.29±4.24 -4.4; -1.53 (-1.92 

to -1.15** 

33.35±4.77 -4.2; -1.47 (-2.67 

to -0.27)* 

SBP (mmHg) 35 119.00±8.78 116.94±11.65 -1.7; -2.06 (-6.58 

to 2.47) 

127.91±12.91 7.5; 8.91 (3.54 to 

14.29)* 

36 138.50±8.39 127.33±9.09 -8.1; -11.17 (-

14.79 to -7.55)** 

140.28±14.83 1.3; 1.78 (-4.74 

to 8.29) 

DBP (mmHg) 55 72.93±8.65 71.60±10.84 -1.8; -1.33 (-4.31 

to 1.66) 

78.31±11.61 7.4; 5.38 (2.53 to 

8.23)** 

16 88.31±3.16 76.88±7.85 -13.0; -11.44 (-

16.94 to -5.93)** 

77.13±12.13 -12.7; -11.19 (-

19.10 to -3.28)* 

TC (mmHg) 31 4.34±0.55 3.61±0.65 -16.9; -0.73 (-

0.92 to -0.55)** 

4.65±1.07 7.1; 0.31 (-0.15 to 

0.76) 

40 6.10±0.57 4.95±0.78 -18.8; -1.15 (-

1.40 to -0.90)** 

5.78±0.95 -5.3; -0.33 (-0.69 

to 0.04)^ 

HDL (mmHg) 51 1.51±0.26 1.35±0.23 -10.3; -0.16 (-

0.21 to -0.10)** 

1.40±0.29 -7.4; -0.11 (-0.19 

to -0.03)* 

20 1.05±0.16 1.03±0.18 -2.3; -0.02 (-0.09 

to 0.05) 

1.06±0.23 0.5; 0.01 (-0.09 

to 0.10 

LDL (mmHg) 15 2.03±0.57 1.45±0.44 -28.9; -0.59 (-

0.78 to -0.39)** 

2.63±0.95 29.4; 0.60 (-0.10 

to 1.30) 

56 3.68±0.67 2.89±0.72 -21.6; -0.80 (-

0.96 to -0.63)** 

3.59±0.93 -2.5; -0.09 (-

0.36to 0.17) 

TG (mmHg) 52 1.03±0.32 0.99±0.31 -3.5; -0.04 (-0.13 

to 0.06) 

1.13±0.62 10.1; 0.10 (-0.12 

to 0.32) 

19 2.33±0.80 1.69±0.88 -27.3; -0.64 (-

1.10 to -0.18)* 

1.71±0.76 -26.8; -0.62 (-

1.10 to -0.15_* 
FPG (mmHg) 48 5.15±0.30 5.06±0.30 -1.9; 0.10 (-0.23 

to 0.03) 

5.32±0.39 3.3; 0.17 (0.05 to 

0.28)* 

23 7.04±1.49 5.96±0.83 -15.4; -1.09 (-

1.62 to -0.55)** 

6.31±1.33 -10.4; -0.74 (-

1.36 to -0.11)* 

**p<0.001; *p<0.05; ^p<0.1 
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Discussion 

 

Substantial reductions in selected chronic disease risk factors were achieved 

within the 30-day CHIP lifestyle intervention, and importantly, the majority of 

these reductions were maintained three or more years among those participants 

who entered the program with elevated biometrics. These findings are 

particularly noteworthy as the intervention was administered by trained 

volunteers, which is a very cost-effective mode for delivering lifestyle 

interventions.  

 

Strengths of this study and comparison with other studies 

 

The 30-day results observed in this study are comparable to other studies of the 

CHIP intervention delivered by both health professionals and trained volunteers 

in the United States and Australasia [7 8 15]. Longer-term studies of participants 

in two professionally presented CHIP interventions have separately shown 

decreases in most biometrics at six and 12 months follow-up [17 18]. However, 

the present study is the longest-term appraisal of the CHIP intervention, and the 

only study of the sustainability of improvements achieved following 

participation in volunteer-delivered programs.  The results in this study are 

similar in magnitude to those observed in a professionally-delivered randomized 

control trial in which the participants entered the program with much higher 

levels of BMI, DBP, TC, TG and FPG than the participants in this study[21].  

 

The results of this study also compare favourably to other professionally 

delivered lifestyle interventions [22-24]. One of the goals of the Diabetes 

Prevention Program is for a reduction in body weight of at least 7% [25]. 

Participants in the present study with elevated FPG at program entry and who 

reported being compliant to the lifestyle principles presented in the CHIP 

intervention achieved a 5.2% reduction in body weight. This is a noteworthy 

outcome given that many of these participants did not receive ongoing support 

beyond the 30-day intervention. While ongoing support is recognized as 

important for minimizing health behavior decay and maintenance of long-term 

behavior change [26 27], these results suggest that even a short-lasting lifestyle 

intervention can have long-lasting benefits. It is also interesting that attending 

the post-intervention support meetings or participating in the CHIP intervention 

with a partner was not related to post-intervention compliance to the lifestyle 

principles presented in the program. Other researchers have found attending an 

intervention with a spouse or friend provides the greatest long-term weight loss 

[28 29]. The outcomes of this study may have been improved if all participants 

had engaged in ongoing support meetings. Even so, meaningful improvements in 

chronic disease risk factors can be achieved in some individuals without follow-

up support. Strategies, however, for optimizing engagement in lifestyle 

interventions and increasing attendance at support meetings need to be 

explored further.  

 

Factors contributing to the outcomes 
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One of the factors that may have contributed to the sustained outcomes observed 

in this study is the intensiveness of the intervention. With the intervention 

comprising 16 group sessions, CHIP is more intensive than most other 

community-based lifestyle interventions [11 30 31]. Studies of the long-term 

effectiveness of lifestyle interventions for reducing body weight, lipid levels, 

diabetes control and even the regression of atherosclerotic plaques, have shown 

a clear dose response [3 5 6 32]. However, other interventions in the literature 

are typically of three months duration, which may be more desirable for optimal 

long-term effects than the 30-day CHIP intervention [33]. Indeed, there is a need 

for further research to determine the most efficacious dosages of lifestyle 

interventions with regards to the number of sessions, program duration, and the 

type and magnitude of lifestyle modifications targeted. While cost was not a 

concern in this study as volunteers delivered the interventions, an 

understanding of dose response when applying lifestyle interventions will be an 

important consideration for making professionally delivered programs cost 

effective.  

 

A second factor that may have contributed to the sustained weight loss observed 

in this study is the unique eating pattern advocated in the CHIP intervention. 

Most weight loss programs restrict energy intake by limiting portion sizes or 

food choices. However, this approach tends to result in hunger and 

dissatisfaction with the eating regime, which contributes to low compliance and 

weight regain [34-36]. Indeed, weight loss is rarely seen beyond two years of 

treatment [36 37]. The CHIP intervention allows an ad libitum eating pattern that 

emphasises the consumption of plant-based, whole-foods, which are high in bulk, 

and therefore satiating, yet by nature not calorically dense. This ad libitum eating 

pattern may be more acceptable to the participant than more restrictive diets. In 

fact, Barnard, et al. [38] reported similar levels of acceptability of plant-based 

diets to more traditional diets such as that recommended by the American 

Dietetic Association.  

 

Long-term compliance to prescriptive regimes may also be more likely when 

participants enter a program with more adverse health parameters. Various 

studies have shown that patients with established disease are able to maintain 

high levels of adherence to intensive and prescriptive regimes [3 5 6 32 39]. 

Indeed, adherence to structured regimes has been shown to be more effective for 

weight loss than focusing on the macronutrient distribution [40 41].  In the 

present study, more promising outcomes were found among at-risk patients who 

reported being compliant to the CHIP lifestyle principles and entered the 

program with BMI indicative of obesity, and lipid and FPG profiles indicative of 

MetS.  Likely, these individuals entered the program with an elevated readiness 

for change and hence willingness to engage in the intervention [42]. 

 

Limitations of the study 

 

There are some limitations of this study that may have affected the observed 

results. Firstly, only 37% of participants accepted the invitation to attend the 

long-term follow-up assessment. While this represents a typical response rate 

[43], it is possible that the individuals who were more compliant to the lifestyle 
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principles presented in the intervention were more inclined to return for 

retesting, thereby biasing the outcomes. There were essentially no differences 

between those who did and did not return for the long-term follow up 

assessment in their biometrics at program entry or the outcomes achieved 

during the 30-day intervention, so these factors do not appear to account for the 

difference in response rate. It is likely that some of the participants who did not 

respond to the invitation were no longer residing in the area or were not 

available at the time of retesting. Nevertheless, even if the 71 participants who 

reported they were compliant comprised all the compliant individuals from the 

original sample of 284, this would still represent 25% of the original cohort. 

Hence, it is encouraging that between 25-70% of the individuals who 

participated in the CHIP intervention reported being compliant to the lifestyle 

principles promoted in the program on average 4 years after the 30-day 

intervention. Self-reported compliance was a further limitation of the study. As 

this was a subjective measure, variation in adherence to the CHIP lifestyle 

principles may have attenuated the long-term outcomes in the compliant group.  

 

Lifestyle behaviours, such as dietary intake and physical activity, were also 

inadequately measured in the study. Therefore, it was not possible to determine 

the extent of changes in lifestyle behaviours the participants adopted during, and 

subsequent to, the 30-day intervention. Longitudinal studies need to collect 

comprehensive and validated lifestyle measurements and use these consistently 

throughout the duration of the study. Finally, the study only involved a small 

sample. Further investigation on a larger cohort it warranted.  

 

Implications for public health and future directions 

 

The novel finding of this study is that long-term reductions in chronic disease 

risk factors can be achieved through an intensive, professionally-developed 

lifestyle intervention delivered by volunteers. Harnessing the energy of 

volunteers to facilitate lifestyle interventions may provide a cost-effective mode 

for administering lifestyle interventions. A randomised control trial is needed to 

investigate the effectiveness and sustainability of the lifestyle choices acquired 

during the CHIP intervention and the associated long-term improvements in 

chronic disease risk factors. Further, this study needs to be replicated in a larger 

cohort and in other settings, to ascertain the generalisability of the study results. 

 

Conclusions 

 

The CHIP intervention can achieve significant reductions in chronic disease risk 

factors for more than three years after program entry. Further, when delivered 

by volunteers, the CHIP intervention is an inexpensive tool for addressing the 

public health crisis of chronic disease that threatens societies, communities, 

families and individuals. Further study of the long-term effectiveness of the CHIP 

intervention in other cultural settings is warranted. 
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Data sources/ 8*   For each outcome variable, the sources of data and details of methods of   3 

measurement  assessment (measurement) are described.   

Bias 9 
Biases could not be controlled as this was a self-selected cohort, however, participant 

demographics were described in the manuscript. 
4 

Study size 10 Study size was not  determined as all available data was included in the study 2-3 

Quantitative variables 11 Explanation of how quantitative variables were handled in the analyses is provided.  3-4 

  The selection of groupings and the rationale of this is described.  

Statistical methods 12 (a) All statistical methods used in the analysis are described 3-4 

  (b) The methods used to examine subgroups is described 3-4 

  (c) There was no missing data for the analyses of participants who attended follow-up 3, 7-8 
 

(d) Cohort study—Follow-up analysis was not part of the original intervention.                   

Additional funding was sought for this exercise and all participants who attended the original 

intervention were invited to attend the follow-up. Reasons for not responding to the invitation 

were not sought.     

(e) Comparison of baseline characteristics of those who attended follow-up and those      4-5 

who did not is provided in the manuscript.  
 
Continued on next page 
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Results  

 Participants 13* 
(a) Numbers at each stage of the study are reported, including number in the intervention, 

returning for follow-up and in each subgroup analysed. 
3, 7-8 

3

3  (b) Reasons for not attending follow-up were not ascertained. 

 

 Descriptive 14* (a) Characteristics of study participants (eg demographic, clinical, social) and information 4, 7-8 

 data  on outcomes provided  

   (b) Total number of participants as well as number for each variable of interest is provided  3, 7-8 

   (c) Cohort study—follow-up time (eg, average and total amount) provided 3 

 Outcome data 15* 
Cohort study—Numbers in subgroups for each outcome variables are provided for those who 

attended follow-up  
7-8 

 Main results 16 (a) Changes in outcome variables over time including the precision (95% CI) are provided) 7-8 

   (b) Category boundaries for continuous variables are documented 3 

   (c) The reporting of absolute risk was not relevant N/A 

 Other analyses 17 Analyses of subgroups was conducted showing interaction where this occurred 5-8 

 Discussion    

 Key results 18 Key results with reference to study objectives were summarised 9 

 Limitations 19 
Limitations of the study, taking into account sources of potential bias or imprecision were 

discussed. 
10 

 Interpretation 20 
A cautious overall interpretation of results, after considering results from similar studies, 

limitations and other relevant evidence, was provided. 
11 

 Generalisability 21 A comment regarding the generalisability of the results has been included in the discussion. 11 

 Other information   

 Funding 22 The source of funding for the study was provided 12 
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Long-term effectiveness of the community-based Complete 1 

Health Improvement Program (CHIP) lifestyle intervention: a 2 

cohort study 3 
 4 
Abstract 5 
 6 
Objective: To examine the long-term (three or more years) effectiveness of the 7 
volunteer-delivered CHIP intervention. 8 
 9 
Design: Cohort study 10 
 11 
Setting: Hawera, New Zealand 12 
 13 
Participants: Of the total cohort of 284 individuals who self-selected to complete 14 
the CHIP lifestyle intervention between 2007 and 2009, 106 (37% of the original 15 
cohort, mean age = 64.9±7.4 years, range 42-87 years; 35% males, 65% female) 16 
returned in 2012 for a complimentary follow-up health assessment (mean 17 
follow-up duration = 49.2+10.4 months). 18 
 19 
Intervention: 30-day lifestyle modification program (diet, physical activity, 20 
substance use and stress management) delivered by volunteers in a community 21 
setting. 22 
 23 
Main outcome measures: Changes in body mass index (BMI), systolic and 24 
diastolic blood pressure (SBP, DBP), fasting plasma glucose (FPG), total 25 
cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL) 26 
and triglycerides (TG). 27 
 28 
Results: After approximately 4 years, participants with elevated biometrics at 29 
program entry maintained significantly lowered BMI (-3.2%; 34.8±5.4 versus 30 
33.7±5.3 kg/m2, p=0.02), DBP (-9.4%; 89.1±4.1 versus 80.8±12.6 mmHg, 31 
p=0.005), TC (-5.5%; 6.1±0.7 versus 5.8±1.0 mmol/L, p=0.04) and TG (-27.5%; 32 
2.4±0.8 versus 1.7±0.7 mmol/L, p=0.002). SBP, HDL, LDL and FPG were not 33 
significantly different from baseline. Participants with elevated baseline 34 
biometrics who reported being compliant to the lifestyle principles promoted in 35 
the intervention (N=71, 67% of follow-up participants) recorded further 36 
reductions in BMI (-4.2%; 34.8±4.5 versus 33.4±4.8 kg/m2, p=0.02), DBP (-37 
13.3%; 88.3±3.2 versus 77.1±12.1 mmHg, p=0.005) and FPG (-10.4%; 7.0±1.5 38 
versus 6.3±1.3 mmol/L, p=0.02).  39 
 40 
Conclusions: Individuals who returned for follow-up assessment and entered the 41 
CHIP lifestyle intervention with elevated risk factors were able to maintain 42 
improvements in most biometrics for more than three years. The results suggest 43 
that the community-based CHIP lifestyle intervention can be effective in the 44 
longer-term, even when delivered by volunteers.  45 
 46 
Key words: lifestyle intervention, CHIP, chronic disease, community based, 47 
volunteer, long-term 48 
 49 
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Article Summary 50 
 51 
Article focus:  52 

1. Lifestyle interventions are attracting increasing attention for managing 53 
the burgeoning rise of chronic disease. 54 

2. Lifestyle interventions for preventing and managing chronic diseases are 55 
perceived to be costly and to have limited usefulness for reducing chronic 56 
disease risk in the long-term. 57 

3. The Complete Health Improvement Program (CHIP) has demonstrated 58 
significant short-term benefits for the management of a number of 59 
chronic diseases. This study examined the long-term effectiveness of the 60 
volunteer-delivered CHIP intervention. 61 

Key messages: 62 
1. Long-term reductions in chronic disease risk factors were observed in the 63 

follow-up participants who had completed the volunteer-delivered CHIP 64 
intervention more than 3 years after program entry (mean duration = 49 65 
months).. 66 

2. The CHIP intervention is an inexpensive tool for addressing the global 67 
public health crisis of chronic disease, particularly when delivered by 68 
volunteers. 69 

Strengths: 70 
1. Long-term appraisal of a lifestyle intervention program. 71 
2. This study compares favourably with other professionally delivered non-72 

CHIP lifestyle interventions e.g. Diabetes Prevention Program. 73 
Limitations: 74 

1. Small sample size  75 
2. Possible selection bias in the follow-up group with 37% returning for 76 

long-term follow-up. 77 
3. Compliance to lifestyle behaviours was inadequately measured. 78 

 79 
 80 
 81 
 82 
 83 
 84 
 85 
 86 
 87 
 88 
 89 
 90 
 91 
 92 
Introduction 93 
  94 
The burden of chronic diseases, including cardiovascular disease (CVD), diabetes 95 
and cancer, represents a major health challenge worldwide [1 2]. Deaths from 96 
chronic diseases are projected to increase by 15% by 2020 [1]. Unhealthy 97 
lifestyle is recognized as one of the major risk factors of chronic diseases [1] and 98 

Page 3 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

3 
 

lifestyle interventions have been shown to be efficacious for their primary, 99 
secondary and early tertiary prevention [3-8]. Consequentially, lifestyle 100 
interventions are attracting increasing attention for managing the burgeoning 101 
rise of chronic disease.  102 
 103 
While the merits of lifestyle interventions for managing chronic diseases are 104 
acknowledged, concerns exist regarding recidivism and cost. Health behavior 105 
decay is commonly observed in weight loss interventions, with long-term 106 
adherence to dietary modifications typically only achieved by a small proportion 107 
of individuals [9 10].  Notwithstanding, the Diabetes Prevention Program has 108 
shown meaningful reductions in body mass for up to 10 years after program 109 
entry [11]. With regards to cost, lifestyle interventions are often resource 110 
intensive and hence expensive. Residential programs, while demonstrating a 111 
high level of efficacy in the short-term, are especially cost prohibitive for many 112 
individuals. However, an increasing number of community-based interventions 113 
are becoming available. Recently, an adaptation of the Diabetes Prevention 114 
Program, utilizing community-health workers in community settings, was shown 115 
to be effective in reducing and maintaining reductions in weight, waist 116 
circumference and various diabetes indices two years after program entry [12].   117 
 118 
The Complete Health Improvement Program (CHIP) is an intensive, community 119 
based lifestyle intervention that has demonstrated significant short-term 120 
benefits for the management of a number of chronic diseases [13-16]. The CHIP 121 
intervention has been delivered by both health professionals [17 18] and trained 122 
volunteers [7 8]. The aim of this study was to examine the long-term 123 
effectiveness of volunteer-delivered CHIP interventions which can be facilitated 124 
inexpensively. 125 
 126 
Methods 127 
 128 
The study targeted a rural community in New Zealand where 30-day CHIP 129 
interventions have been delivered by a team of volunteers since 2007. The 130 
volunteers had undergone two days of training to develop group facilitation 131 
skills and then been equipped with the comprehensive CHIP resource package 132 
that included: a curriculum guide for program delivery, 16 pre-recorded 133 
educational lectures presented by qualified experts, a cookbook and participant 134 
textbook and journal. The role of the volunteer director was to organise and 135 
facilitate the proceedings of the group sessions, not to educate. 136 
 137 
All 323 individuals, who had previously completed the CHIP intervention, were 138 
invited, by letter, to participate in a follow-up study, irrespective of their 139 
outcomes at 30 days.  The letter included information detailing the intent of the 140 
study, as well as a complimentary follow-up medical assessment and a form for 141 
the participant to provide informed consent. Though the purpose of the study 142 
was to look at the long-term effects of the program (3+yrs) it was considered 143 
ethical to offer a follow-up health check to all the participants. Of the 192 that 144 
replied (59% response rate), 142 consented to participate; 50 did not.  On the 145 
designated day for the study, 130 returned for the follow-up assessment. Of 146 
these 130 individuals, 106 (age = 64.9±7.4 years, range 42-87 years) who had 147 
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completed the intervention three or more years previously (mean = 49.2±10.4 148 
months, range = 3-5 years) were included in this study. As 284 of the original 149 
cohort of 323 participants had completed the intervention three or more years 150 
previously, the response rate for this study was 37%.  151 
 152 
 153 
The 30-day group-based CHIP intervention, previously described [7 8], had 154 
encouraged and supported the participants to move towards a low-fat, plant-155 
based diet ad libitum, with emphasis on the whole-foods consumption of grains, 156 
legumes, fruits and vegetables. The program had also encouraged participants to 157 
engage in 30 minutes of moderate-intensity physical activity daily and practice 158 
stress management techniques. Following completion of the program, a monthly 159 
support group was offered to the participants to reinforce lifestyle behaviour 160 
changes, and build a network of support and ongoing education, although it was 161 
not considered part of the intervention. The follow-up study was not planned at 162 
the time the participants enrolled in their respective CHIP programs and so 163 
participants were not advised of this eventuality. Invitations were extended to all 164 
participants to attend the follow-up study, regardless of whether or not they 165 
chose to attend the monthly support meetings.  The same team of volunteer 166 
facilitators had delivered all the CHIP interventions in a uniform manner, 167 
utilising the program resources provided.  168 
 169 
At program entry, 30 days and follow-up (approximately 4 years), the 170 
participants’ height, weight and BP were taken by registered nurses, and fasting 171 
(12-hour) blood samples were collected by trained phlebotomists and analyzed 172 
by a local pathology laboratory. Blood samples were analysed for TC, LDL, HDL, 173 
TG and FPG levels. At follow-up, participants were also asked to complete a 174 
questionnaire that assessed their compliance with lifestyle principles advocated 175 
by the CHIP intervention. Participants were also asked about their attendance at 176 
the post-intervention monthly support meetings.  177 
 178 
The data were analyzed using IBM™ Statistics (version 19) and expressed as 179 
mean±standard deviation. The extent of changes (percent, and mean with 95% 180 
confidence intervals (CI)) from baseline to post-intervention (30 days) and 181 
follow-up (mean = 49 months) were assessed using Analysis of Variance 182 
(repeated measures). We have previously shown that participants who make the 183 
greatest improvements in their biometrics during the CHIP intervention are 184 
those with the highest baseline levels [7]. Hence, the participants were stratified 185 
by normal or elevated baseline biometric levels.  Cut-points for the biometrics 186 
included in the Metabolic Syndrome assemblage, as described by Alberti, et al. 187 
[19], were used: raised blood pressure (systolic ≥130 mmHg and/or diastolic ≥ 188 
85 mmHg), elevated FPG (≥5.5mmol/L), increased TG (≥1.7mmol/L), decreased 189 
HDL (<1.03mmol/L in males and <1.3mmol/L in females) and waist 190 
circumference indicative of central obesity. As waist circumference was not 191 
measured in this study, body mass index (BMI) >30 kg/m2 was used as a 192 
surrogate, as suggested by the International Diabetes Federation (IDF, 2006). 193 
Cut-points for TC (≥5.2mmol/L) and LDL (≥2.6mmol/L), not part of the suite of 194 
Metabolic Syndrome risk factors, were taken from the National Cholesterol 195 
Education Program Adult Treatment Panel III guidelines [20]. Pearson’s Chi-196 
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square test was used on all demographic data variables, in order to investigate 197 
trends between participants who returned for follow-up and those who did not. 198 
Independent t-tests were used to compare baseline biometrics. The relationships 199 
between nominal variables likely to be associated with CHIP compliance were 200 
examined using Spearman’s rank-order correlation (ρ) with two-tailed tests of 201 
significance. Participants were asked to what extent they adopted the principles 202 
promoted in the CHIP intervention since completing the program and a  203 
dichotomous variable was created: compliant (“all” or “most of principles”) and 204 
non-compliant (“a few” or “none of principles”).  For all analyses, results were 205 
considered significant at P < 0.05.   206 
 207 
Results 208 
 209 
Significant improvements in all biometrics were observed over the 30-day 210 
intervention for the 106 participants who returned for the follow-up assessment 211 
(Table 1), which is consistent with other studies of the 30-day effectiveness of 212 
the CHIP intervention [7 8]. However, the primary interest of this study was the 213 
longer-term sustainability.  All biometrics significantly increased from program 214 
completion to follow-up (Table 1). However, weight was the only biometric in 215 
which a net improvement was sustained in the long-term. Participants were able 216 
to maintain an average 1.6% decrease in body weight over the long term 217 
compared to their weight at program entry. On the other hand, following 218 
program completion, SBP increased resulting in a net 4.2% increase from 219 
baseline to follow-up. 220 
 221 
 222 
There were no significant differences between the participants who did and did 223 
not undergo the 3-5 year follow-up testing in baseline age (60.6 versus 58.4 224 
years, p=0.07), gender (35.2% versus 34.6% men, p=0.92), marital status (90% 225 
versus 80% married, p=0.18), smoking status (70.3% versus 68.8%, p=0.28).  226 
Table 1 also shows baseline characteristics of participants who did and did not 227 
attend the 3-5 year follow-up testing. There were no significant differences 228 
between the participants who did and did not undergo follow-up testing in SBP, 229 
DBP, TC, LDL and HDL. Individuals who did not attend the follow-up had 230 
significantly higher BMI, TG and FPG at program entry. There were also no 231 
significant differences between those who did and who did not attend follow-up 232 
in 30-day levels of SBP, DBP, TC, LDL and FPG (Table 1). However, there were no 233 
significant differences in the amount of change experienced in any of the 234 
biometrics during the 30-day intervention, even for the biometrics that were 235 
different between the groups at baseline. 236 
 237 
For all 106 individuals who attended the follow-up, no significant change in any 238 
biometric was found. However, when changes in the biometrics were examined 239 
by baseline level of risk, significant decreases in several biometrics were 240 
observed (Table 2). Participants with elevated BMI, DBP, TC and TG at program 241 
entry had significantly lowered levels of these biometrics at the 49-month 242 
follow-up (Table 2). Conversely, follow-up levels of BP, LDL and FPG increased 243 
above baseline levels for participants who commenced the program with normal 244 
levels (Table 2).  245 
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 246 
Of the 106 CHIP participants who returned for follow-up assessments 71 (67%) 247 
reported being compliant to the lifestyle principles following completion of the 248 
30-day program. However, no compliance information was recorded for the 249 
original cohort who did not attend the follow-up assessment. Participants who 250 
reported being compliant were 2.8±5.8 kg (95% CI -4.48 to -1.11) (p<0.001) 251 
lighter at follow-up compared to program entry whereas the non-compliant 252 
participants had gained 1.8±7.0 kg (95% CI -1.27 to 4.82) (p=0.46), amounting to 253 
a change difference of almost 5 kg between the groups (p=0.001). The compliant 254 
and non-compliant groups were further analyzed according to baseline 255 
biometric risk levels (Table 3). Similar trends can be observed in Tables 3 and 4; 256 
however, compliant individuals who entered the program at elevated risk had 257 
even greater improvements in BMI, DBP and FPG (Table 3). Notably, compliant 258 
participants with elevated BMI at program entry weighed 4.9±7.2 kg (95% CI -259 
8.10 to 1.62) less at the 3-5 year follow-up (p=0.002). Compliant participants 260 
with elevated baseline biometrics had significant reductions at follow-up for 3 of 261 
the 5 criteria for the Metabolic Syndrome. Conversely, compliant participants 262 
who commenced the program with normal baseline levels reported increases at 263 
follow-up in several biometrics (Table 3). Analyses of the non-compliant 264 
participants by baseline risk levels were not possible due to small numbers. 265 
 266 
Post-intervention compliance was positively correlated with attendance at the 267 
monthly support meetings (ρ=0.402, p<0.001). Although only 26 of the study 268 
participants reported attending these meetings, all of these individuals reported 269 
being compliant to the lifestyle principles presented in the program. These 270 
individuals had a 3.5±4.8 kg (95% CI -5.95 to -1.12) (p=0.003) weight loss at 271 
follow-up but this was not significantly different (p=0.50) to the compliant 272 
individuals who did not attend the monthly support meetings (2.6±6.2 kg, 95% 273 
CI -4.92 to -0.24; p=0.03). While only few in number (N=13), participants who 274 
attended the support meetings and entered the program with elevated BMI had a 275 
highly significant weight loss at follow-up (5.6±5.3 kg, 95% CI -9.71 to -1.46; 276 
p=0.008). Yet this was once again not significantly different (p=0.82) to the 277 
compliant individuals who entered the program with elevated BMI but did not 278 
attend the support meetings (N=18; 5.0±8.2 kg, 95% CI -10.11 to 0.11; p=0.06).  279 
 280 
Attendance at monthly support meetings was not related to participating in the 281 
CHIP intervention with a spouse or friend (ρ=0.008, p=0.93): equal proportions 282 
of participants who attended with a partner either did or did not attend support 283 
meetings (69.2% versus 68.4%, p=0.93). Similarly, attending the CHIP 284 
intervention with a partner was not related to reported compliance at follow-up 285 
(ρ=0.17, p=0.08): there was no difference in the proportion of individuals who 286 
participated with a partner who reported being compliant or not compliant 287 
(73.2% versus 55.9%, p=0.08). 288 
 289 
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Table 1 Baseline biometrics and changes from baseline for participants who attended long-term follow-up (n=106) and those who did not (n=178) 
Biometric Attendance at 

follow-up 
N Baseline  30 days Mean change 30 days 

(95% CI) 
% 
change 

3-5 years 
follow-up 

Mean change 3-5 
years (95% CI) 

% 
change

Weight (kg) Attended  106 83.42±17.05 79.63±15.93 -3.79 (-4.20 to -3.38) -4.5** 82.12±16.17 -1.30 (-2.84 to 0.24) -
 Did not attend 178 91.14±19.1† 87.36±18.18‡‡ -3.78§ (-4.12 to -3.44) -4.1**    
BMI (kg/m2) Attended  106 30.07±5.57 28.72±5.28 -1.35 (-1.49 to -1.21) -4.5** 29.78±5.24 -0.29 (-0.84 to 0.25) -
 Did not attend 178 32.92±6.56†† 31.57±6.30‡‡ -1.35§ (-1.47 to -1.24) -4.1**    
SBP (mmHg) Attended  106 130.32±13.05 123.00±11.42 -7.32 (-9.48 to -5.17) -5.6** 135.82±14.98   5.50 (1.95 to 9.05) 4.2**
 Did not attend 178 132.92±15.55 125.98±13.88 -6.94§ (-9.82 to -5.05) -5.2**    
DBP (mmHg) Attended  106 76.92±10.30 73.41±10.47 -3.51 (-5.46 to -1.56) -4.6* 78.40±11.60   1.48 (-0.79 to 3.76) 1.9
 Did not attend 178 77.36±11.34 73.04±10.45 -4.32§ (-5.81 to -2.83) -5.6**    
TC (mmol/L) Attended  106 5.35±1.04 4.33±0.99 -1.01 (-1.13 to -0.90) -18.9** 5.31±1.19 -0.04 (-0.29 to 0.21) -
 Did not attend 178 5.27±1.11 4.31±1.01 -0.96§ (-1.05 to -0.86) -18.2**    
HDL (mmol/L) Attended  106 1.35±0.32 1.23±0.28 -0.12 (-0.15 to -0.09) -8.7** 1.31±0.33 -0.04 (-0.10 to 0.10) -
 Did not attend 178 1.26±0.34 1.13±0.28‡ -0.13§ (-0.16 to -0.11) -10.3**    
LDL (mmol/L) Attended  106 3.36±0.94 2.56±0.86 -0.80 (-0.90 to -0.70) -23.7** 3.39±1.01   0.03 (-0.19 to 0.26) 1.0
 Did not attend 178 3.26±0.97 2.51±0.85 -0.75§ (-0.83 to -0.66) -23.0**    
TG (mmol/L) Attended  106 1.41±0.74 1.22±0.61 -0.18 (-0.29 to -0.08) -13.1* 1.32±0.64 -0.08 (-0.25 to 0.09) -
 Did not attend 178 1.63±0.84† 1.47±0.66‡ -0.16§ (-0.25 to -0.06) -9.8*    
FPG (mmol/L) Attended  106 5.72±1.07 5.36±0.65 -0.37 (-0.50 to -0.23) -6.4** 5.65±0.95 -0.07 (-0.27 to 0.13) -
 Did not attend 178 6.10±1.86† 5.55±1.10 -0.55§ (-0.77 to -0.33) -9.0**    
†† difference in baseline between those who attended follow-up and those who did not at p<0.001 level of significance; † difference in baseline between those who attended follow-290 
up and those who did not at p<0.05 level of significance; ‡‡ difference at 30 days between those who attended follow-up and those who did not at p<0.001 level of significance; ‡ 291 
difference at 30 days between those who attended follow-up and those who did not at p<0.05 level of significance; § difference in amount of change between those who attended 292 
follow-up and those who did not at p>0.05 level of significance; ** p<0.001; *p<0.05; ˡ % change from baseline 293 
 294 
 295 
 296 
 297 
 298 
 299 
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Table 2 Changes in biometrics at baseline, 30 days and 3-5 years follow-up for participants by baseline risk levels (n=106) 300 
Factor Risk level N Baseline 30 days % change; mean change  

(95% CI) 
3-5 years 
follow-up 

% change; mean change 
(95%CI) 

BMI  ≤30 kg/m2 62 26.75±2.33 25.58±2.17 -4.4; -1.17 (-1.33 to -1.02)** 27.03±3.01 1.1; 0.28 (-0.34 to 0.90) 
>30 kg/m2 44 34.75±5.44 33.15±5.20 -4.6; -1.60 (-1.93 to -1.27)** 33.65±5.28 -3.2; -1.10 (-2.04 to -0.16)*

SBP  <130mmHg 46 119.04±8.06 117.89±10.91 -1.0; -1.15 (-4.82 to 2.51) 129.67±14.23 8.9; 10.63 (5.38 to 15.89)**
≥130 mmHg 60 138.97±8.84 126.92±10.27 -8.7; -12.05 (-15.14 to -8.96)** 140.53±13.49 1.1; 1.57 (-3.04 to 6.17) 

DBP  <85mmHg 79 72.75±8.25 72.00±10.39 -1.0; -0.75 (-3.20 to 1.70) 77.58±11.23 6.6; 4.84 (2.19 to 7.48)** 
≥ 85mmHg 27 89.11±4.12 77.52±9.77 -13.0; -11.59 (- 16.15 to -7.03)** 80.78±12.55 -9.4; -8.33 (-14.40 to -2.27)*

TC  <5.2mmol/L 48 4.41±0.52 3.60±0.64 -18.4; -0.81 (-0.98 to -0.65)** 4.73±1.11 7.3; 0.32 (-0.03 to 0.68)^ 

(≥5.2mmol/L 58 6.12±0.66 4.94±0.80 -19.2; -1.18 (-1.39 to -0.97)** 5.78±1.04 -5.5; -0.34 (-0.66 to -0.01)*
HDL  ≥1.03mmol/L (males); 

≥1.3mmol/L (females) 
72 1.50±0.27 1.34±0.25 -10.5; -0.16 (-0.12 to -0.20) ** 1.40±0.30 -6.7; -0.10 (-0.05 to -0.15)**

<1.03mmol/L (males); 
<1.3mmol/L (females) 

34 1.04±0.17 1.00±0.17 -3.4; -0.04 (-0.08 to 0.01) 1.11±0.31 7.2; 0.07 (-0.01 to 0.16) 

LDL  <2.6mmol/L 20 2.07±0.50 1.50±0.40 -27.5; -0.57 (-0.73 to -0.41)** 2.59±0.83 25.2; 0.52 (0.10 to 1.04)* 
≥2.6mmol/L 86 3.66±0.73 2.81±0.74 -23.2; -0.85 (-0.99 to -0.71)** 3.58±0.96 -2.2; -0.08 (-0.32 to 0.16) 

TG  <1.7mmol/L 80 1.09±0.32 1.05±0.37 -3.5; -0.04 (-0.11 to 0.04)* 1.19±0.56 9.6; 0.11 (-0.05 to 0.26) 
≥1.7mmol/L 26 2.39±0.78 1.76±0.87 -26.5; -0.64 (-1.08 to -0.19)* 1.73±0.72 -27.5; -0.66 (-1.09 to -0.23)*

FPG  <5.5mmol/L 66 5.17±0.29 5.06±0.30 -2.1; -0.11 (-0.21 to -0.01_* 5.29±0.40 2.4; 0.13 (0.03 to 0.22)* 
≥5.5mmol/L 40 6.64±1.26 5.85±0.76 -11.8; -0.79 (-1.14 to -0.43)** 6.24±1.27 -6.0; -0.40 (-0.89 to 0.10) 

**p<0.001; *p<0.05; ^p<0.1 301 
 302 
 303 
 304 
 305 
 306 
 307 
Table 3 Changes in biometrics at baseline, 30 days and 3-5 years follow-up by baseline level among self-reported compliant participants 308 
(n=71) 309 
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Factor Risk level N Baseline 30 days % change; mean change 
(95%CI) 

3-5 years 
follow-up 

% change; mean change  
(95%CI) 

BMI  ≤30 kg/m2 39 26.51±2.50 25.33±2.34 -4.5; -1.18 (-1.40 to -0.97** 26.22±2.75 -1.1; -0.29 (-0.92 to 0.24) 
>30 kg/m2 32 34.82±4.54 33.29±4.24 -4.4; -1.53 (-1.92 to -1.15** 33.35±4.77 -4.2; -1.47 (-2.67 to -0.27)* 

SBP  <130mmHg 35 119.00±8.78 116.94±11.65 -1.7; -2.06 (-6.58 to 2.47) 127.91±12.91 7.5; 8.91 (3.54 to 14.29)* 
≥130 mmHg 36 138.50±8.39 127.33±9.09 -8.1; -11.17 (-14.79 to -7.55)** 140.28±14.83 1.3; 1.78 (-4.74 to 8.29) 

DBP  <85mmHg 55 72.93±8.65 71.60±10.84 -1.8; -1.33 (-4.31 to 1.66) 78.31±11.61 7.4; 5.38 (2.53 to 8.23)** 
≥ 85mmHg 16 88.31±3.16 76.88±7.85 -13.0; -11.44 (-16.94 to -5.93)** 77.13±12.13 -12.7; -11.19 (-19.10 to -3.28)*

TC  <5.2mmol/L 31 4.34±0.55 3.61±0.65 -16.9; -0.73 (-0.92 to -0.55)** 4.65±1.07 7.1; 0.31 (-0.15 to 0.76) 
≥5.2mmol/L 40 6.10±0.57 4.95±0.78 -18.8; -1.15 (-1.40 to -0.90)** 5.78±0.95 -5.3; -0.33 (-0.69 to 0.04)^ 

HDL  ≥1.03mmol/L (males); 
≥1.3mmol/L (females) 

51 1.51±0.26 1.35±0.23 -10.3; -0.16 (-0.21 to -0.10)** 1.40±0.29 -7.4; -0.11 (-0.19 to -0.03)* 

<1.03mmol/L (males); 
<1.3mmol/L (females) 

20 1.05±0.16 1.03±0.18 -2.3; -0.02 (-0.09 to 0.05) 1.06±0.23 0.5; 0.01 (-0.09 to 0.10 

LDL  <2.6mmol/L 15 2.03±0.57 1.45±0.44 -28.9; -0.59 (-0.78 to -0.39)** 2.63±0.95 29.4; 0.60 (-0.10 to 1.30) 
≥2.6mmol/L 56 3.68±0.67 2.89±0.72 -21.6; -0.80 (-0.96 to -0.63)** 3.59±0.93 -2.5; -0.09 (-0.36to 0.17) 

TG  <1.7mmol/L 52 1.03±0.32 0.99±0.31 -3.5; -0.04 (-0.13 to 0.06) 1.13±0.62 10.1; 0.10 (-0.12 to 0.32) 
(≥1.7mmol/L 19 2.33±0.80 1.69±0.88 -27.3; -0.64 (-1.10 to -0.18)* 1.71±0.76 -26.8; -0.62 (-1.10 to -0.15* 

FPG  <5.5mmol/L 48 5.15±0.30 5.06±0.30 -1.9; 0.10 (-0.23 to 0.03) 5.32±0.39 3.3; 0.17 (0.05 to 0.28)* 
≥5.5mmol/L 23 7.04±1.49 5.96±0.83 -15.4; -1.09 (-1.62 to -0.55)** 6.31±1.33 -10.4; -0.74 (-1.36 to -0.11)* 

**p<0.001; *p<0.05; ^p<0.1 310 
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Discussion 311 
 312 
Substantial reductions in selected chronic disease risk factors were achieved 313 
within the 30-day CHIP lifestyle intervention, and importantly, the majority of 314 
these reductions were maintained three or more years among those participants 315 
who returned for follow-up assessment and entered the program with elevated 316 
biometrics. These findings are particularly noteworthy as the intervention was 317 
administered by trained volunteers, which is a very cost-effective mode for 318 
delivering lifestyle interventions.  319 
 320 
Strengths of this study and comparison with other studies 321 
 322 
The 30-day results observed in this study are comparable to other studies of the 323 
CHIP intervention delivered by both health professionals and trained volunteers 324 
in the United States and Australasia [7 8 15]. Longer-term studies of participants 325 
in two professionally presented CHIP interventions have separately shown 326 
decreases in most biometrics at six and 12 months follow-up [17 18]. However, 327 
the present study is the longest-term appraisal of the CHIP intervention, and the 328 
only study of the sustainability of improvements achieved following 329 
participation in volunteer-delivered programs.  The results in this study are 330 
similar in magnitude to those observed in a professionally-delivered randomized 331 
control trial in which the participants entered the program with much higher 332 
levels of BMI, DBP, TC, TG and FPG than the participants in this study[21].  333 
 334 
The results of this study also compare favourably to other professionally 335 
delivered lifestyle interventions [22-24]. One of the goals of the Diabetes 336 
Prevention Program is for a reduction in body weight of at least 7% [25]. 337 
Participants in the present study with elevated FPG at program entry and who 338 
reported being compliant to the lifestyle principles presented in the CHIP 339 
intervention achieved a 5.2% reduction in body weight. This is a noteworthy 340 
outcome given that many of these participants did not receive ongoing support 341 
beyond the 30-day intervention. While ongoing support is recognized as 342 
important for minimizing health behavior decay and maintenance of long-term 343 
behavior change [26 27], these results suggest that even a short-lasting lifestyle 344 
intervention can have long-lasting benefits. It is also interesting that attending 345 
the post-intervention support meetings or participating in the CHIP intervention 346 
with a partner was not related to post-intervention compliance to the lifestyle 347 
principles presented in the program. Other researchers have found attending an 348 
intervention with a spouse or friend provides the greatest long-term weight loss 349 
[28 29]. The outcomes of this study may have been improved if all participants 350 
had engaged in ongoing support meetings. Even so, meaningful improvements in 351 
chronic disease risk factors can be achieved in some individuals without follow-352 
up support. Strategies, however, for optimizing engagement in lifestyle 353 
interventions and increasing attendance at support meetings need to be 354 
explored further.  355 
 356 
Factors contributing to the outcomes 357 
 358 
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One of the factors that may have contributed to the sustained outcomes observed 359 
in this study is the intensiveness of the intervention. With the intervention 360 
comprising 16 group sessions, CHIP is more intensive than most other 361 
community-based lifestyle interventions [11 30 31]. Studies of the long-term 362 
effectiveness of lifestyle interventions for reducing body weight, lipid levels, 363 
diabetes control and even the regression of atherosclerotic plaques, have shown 364 
a clear dose response [3 5 6 32]. However, other interventions in the literature 365 
are typically of three months duration, which may be more desirable for optimal 366 
long-term effects than the 30-day CHIP intervention [33]. Indeed, there is a need 367 
for further research to determine the most efficacious dosages of lifestyle 368 
interventions with regards to the number of sessions, program duration, and the 369 
type and magnitude of lifestyle modifications targeted. While cost was not a 370 
concern in this study as volunteers delivered the interventions, an 371 
understanding of dose response when applying lifestyle interventions will be an 372 
important consideration for making professionally delivered programs cost 373 
effective.  374 
 375 
A second factor that may have contributed to the sustained weight loss observed 376 
in this study is the unique eating pattern advocated in the CHIP intervention. 377 
Most weight loss programs restrict energy intake by limiting portion sizes or 378 
food choices. However, this approach tends to result in hunger and 379 
dissatisfaction with the eating regime, which contributes to low compliance and 380 
weight regain [34-36]. Indeed, weight loss is rarely seen beyond two years of 381 
treatment [36 37]. The CHIP intervention allows an ad libitum eating pattern that 382 
emphasises the consumption of plant-based, whole-foods, which are high in bulk, 383 
and therefore satiating, yet by nature not calorically dense. This ad libitum eating 384 
pattern may be more acceptable to the participant than more restrictive diets. In 385 
fact, Barnard, et al. [38] reported similar levels of acceptability of plant-based 386 
diets to more traditional diets such as that recommended by the American 387 
Dietetic Association.  388 
 389 
Long-term compliance to prescriptive regimes may also be more likely when 390 
participants enter a program with more adverse health parameters. Various 391 
studies have shown that patients with established disease are able to maintain 392 
high levels of adherence to intensive and prescriptive regimes [3 5 6 32 39]. 393 
Indeed, adherence to structured regimes has been shown to be more effective for 394 
weight loss than focusing on the macronutrient distribution [40 41].  In the 395 
present study, more promising outcomes were found among at-risk patients who 396 
reported being compliant to the CHIP lifestyle principles and entered the 397 
program with BMI indicative of obesity, and lipid and FPG profiles indicative of 398 
MetS.  Likely, these individuals entered the program with an elevated readiness 399 
for change and hence willingness to engage in the intervention [42]. 400 
 401 
Limitations of the study 402 
 403 
There are some limitations of this study that may have affected the observed 404 
results. Firstly, only 37% of participants accepted the invitation to attend the 405 
long-term follow-up assessment. The results of this analysis are therefore 406 
applicable to those participants who attended the long-term assessment and are 407 
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not generalisable to the original cohort. While this represents a typical response 408 
rate for behavioural interventions [43], it is possible that the individuals who 409 
were more compliant to the lifestyle principles presented in the intervention 410 
were more inclined to return for retesting, thereby biasing the outcomes. There 411 
were essentially no differences between those who did and did not return for the 412 
long-term follow up assessment in their biometrics at program entry or the 413 
outcomes achieved during the 30-day intervention, so these factors do not 414 
appear to account for the difference in response rate. It is likely that some of the 415 
121 participants who did not respond to the invitation could not be contacted as 416 
they were no longer residing in the area were not available at the time of 417 
retesting, or chose not to respond. Some of those choosing not to return may 418 
have done so because they had not been compliant to the CHIP principles. 419 
Nevertheless, even if the 71 participants who reported they were compliant 420 
comprised all the compliant individuals from the study sample of 284, this would 421 
still represent 25% of the original cohort. Hence, it is encouraging that between 422 
25-70% of the individuals who participated in the CHIP intervention reported 423 
being compliant to the lifestyle principles promoted in the program on average 4 424 
years after the 30-day intervention. Self-reported compliance was a further 425 
limitation of the study. As this was a subjective measure, variation in adherence 426 
to the CHIP lifestyle principles may have attenuated the long-term outcomes in 427 
the compliant group.  428 
 429 
Lifestyle behaviours, such as dietary intake and physical activity, were also 430 
inadequately measured in the study. Therefore, it was not possible to determine 431 
the extent of changes in lifestyle behaviours the participants adopted during, and 432 
subsequent to, the 30-day intervention. Longitudinal studies need to collect 433 
comprehensive and validated lifestyle measurements and use these consistently 434 
throughout the duration of the study. Finally, the study only involved a small 435 
sample. Further investigation on a larger cohort it warranted.  436 
 437 
Implications for public health and future directions 438 
 439 
The novel finding of this study is that long-term reductions in chronic disease 440 
risk factors can be achieved through an intensive, professionally-developed 441 
lifestyle intervention delivered by volunteers. Harnessing the energy of 442 
volunteers to facilitate lifestyle interventions may provide a cost-effective mode 443 
for administering lifestyle interventions. A randomised control trial is needed to 444 
investigate the effectiveness and sustainability of the lifestyle choices acquired 445 
during the CHIP intervention and the associated long-term improvements in 446 
chronic disease risk factors. Further, this study needs to be replicated in a larger 447 
cohort and in other settings, to ascertain the generalisability of the study results. 448 
 449 
Conclusions 450 
 451 
The CHIP intervention can achieve significant reductions in chronic disease risk 452 
factors for more than three years after program entry. Further, when delivered 453 
by volunteers, the CHIP intervention is an inexpensive tool for addressing the 454 
public health crisis of chronic disease that threatens societies, communities, 455 
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families and individuals. Further study of the long-term effectiveness of the CHIP 456 
intervention in other cultural settings is warranted. 457 
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 Item   

 No Recommendation PPage  

Title and abstract 1 (a) Cohort study included in the title    1 

  (b) Summary of what was done and what was found included in abstract 1 

Introduction    

Background/rationale 2 Scientific background and rationale for the investigation being reported included 2 

Objectives 3 Objectives of study included 2 

Methods    

Study design 4 Key elements of study design included early in the paper 2 

Setting 5 The setting, locations, and relevant dates, including periods of recruitment, 2 

  exposure, follow-up, and data collection were included  

Participants 6 
(a) Cohort study— Selection of participants for intervention and follow-up methods 

included 
2-3 

  (b) Cohort study—Matching details not appropriate for this study  

Variables 7 All outcomes and their cut-points are described 3 

Data sources/ 8*   For each outcome variable, the sources of data and details of methods of   3 

measurement  assessment (measurement) are described.   

Bias 9 
Biases could not be controlled as this was a self-selected cohort, however, participant 

demographics were described in the manuscript. 
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Study size 10 Study size was not  determined as all available data was included in the study 2-3 

Quantitative variables 11 Explanation of how quantitative variables were handled in the analyses is provided.  3-4 

  The selection of groupings and the rationale of this is described.  

Statistical methods 12 (a) All statistical methods used in the analysis are described 3-4 

  (b) The methods used to examine subgroups is described 3-4 

  (c) There was no missing data for the analyses of participants who attended follow-up 3, 7-8 
 

(d) Cohort study—Follow-up analysis was not part of the original intervention.                   

Additional funding was sought for this exercise and all participants who attended the original 

intervention were invited to attend the follow-up. Reasons for not responding to the invitation 

were not sought.     

(e) Comparison of baseline characteristics of those who attended follow-up and those      4-5 

who did not is provided in the manuscript.  
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(a) Numbers at each stage of the study are reported, including number in the intervention, 

returning for follow-up and in each subgroup analysed. 
3, 7-8 

3

3  (b) Reasons for not attending follow-up were not ascertained. 

 

 Descriptive 14* (a) Characteristics of study participants (eg demographic, clinical, social) and information 4, 7-8 

 data  on outcomes provided  

   (b) Total number of participants as well as number for each variable of interest is provided  3, 7-8 

   (c) Cohort study—follow-up time (eg, average and total amount) provided 3 

 Outcome data 15* 
Cohort study—Numbers in subgroups for each outcome variables are provided for those who 
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 Main results 16 (a) Changes in outcome variables over time including the precision (95% CI) are provided) 7-8 

   (b) Category boundaries for continuous variables are documented 3 

   (c) The reporting of absolute risk was not relevant N/A 
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 Discussion    

 Key results 18 Key results with reference to study objectives were summarised 9 

 Limitations 19 
Limitations of the study, taking into account sources of potential bias or imprecision were 

discussed. 
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 Interpretation 20 
A cautious overall interpretation of results, after considering results from similar studies, 

limitations and other relevant evidence, was provided. 
11 

 Generalisability 21 A comment regarding the generalisability of the results has been included in the discussion. 11 
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 Funding 22 The source of funding for the study was provided 12 
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Long-term effectiveness of the community-based Complete 1 

Health Improvement Program (CHIP) lifestyle intervention: a 2 

cohort study 3 
 4 
Abstract 5 
 6 
Objective: To examine the long-term (three or more years) effectiveness of the 7 
volunteer-delivered CHIP intervention. 8 
 9 
Design: Cohort study 10 
 11 
Setting: Hawera, New Zealand 12 
 13 
Participants: Of the total cohort of 284 individuals who self-selected to complete 14 
the CHIP lifestyle intervention between 2007 and 2009, 106 (37% of the original 15 
cohort, mean age = 64.9±7.4 years, range 42-87 years; 35% males, 65% female) 16 
returned in 2012 for a complimentary follow-up health assessment (mean 17 
follow-up duration = 49.2+10.4 months). 18 
 19 
Intervention: 30-day lifestyle modification program (diet, physical activity, 20 
substance use and stress management) delivered by volunteers in a community 21 
setting. 22 
 23 
Main outcome measures: Changes in body mass index (BMI), systolic and 24 
diastolic blood pressure (SBP, DBP), fasting plasma glucose (FPG), total 25 
cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL) 26 
and triglycerides (TG). 27 
 28 
Results: After approximately 4 years, participants with elevated biometrics at 29 
program entry maintained significantly lowered BMI (-3.2%; 34.8±5.4 versus 30 
33.7±5.3 kg/m2, p=0.02), DBP (-9.4%; 89.1±4.1 versus 80.8±12.6 mmHg, 31 
p=0.005), TC (-5.5%; 6.1±0.7 versus 5.8±1.0 mmol/L, p=0.04) and TG (-27.5%; 32 
2.4±0.8 versus 1.7±0.7 mmol/L, p=0.002). SBP, HDL, LDL and FPG were not 33 
significantly different from baseline. Participants with elevated baseline 34 
biometrics who reported being compliant to the lifestyle principles promoted in 35 
the intervention (N=71, 67% of follow-up participants) recorded further 36 
reductions in BMI (-4.2%; 34.8±4.5 versus 33.4±4.8 kg/m2, p=0.02), DBP (-37 
13.3%; 88.3±3.2 versus 77.1±12.1 mmHg, p=0.005) and FPG (-10.4%; 7.0±1.5 38 
versus 6.3±1.3 mmol/L, p=0.02).  39 
 40 
Conclusions: Individuals who returned for follow-up assessment and entered the 41 
CHIP lifestyle intervention with elevated risk factors were able to maintain 42 
improvements in most biometrics for more than three years. The results suggest 43 
that the community-based CHIP lifestyle intervention can be effective in the 44 
longer-term, even when delivered by volunteers.  45 
 46 
Key words: lifestyle intervention, CHIP, chronic disease, community based, 47 
volunteer, long-term 48 
 49 
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Article Summary 50 
 51 
Article focus:  52 

1. Lifestyle interventions are attracting increasing attention for managing 53 
the burgeoning rise of chronic disease. 54 

2. Lifestyle interventions for preventing and managing chronic diseases are 55 
perceived to be costly and to have limited usefulness for reducing chronic 56 
disease risk in the long-term. 57 

3. The Complete Health Improvement Program (CHIP) has demonstrated 58 
significant short-term benefits for the management of a number of 59 
chronic diseases. The aim of tThis study is to examined the long-term 60 
effectiveness of the volunteer-delivered CHIP intervention. 61 

Key messages: 62 
1. The CHIP intervention allows an ad libitum eating pattern, emphasising 63 

consumption of plant-based, whole-foods, which, being high in bulk, are 64 
satiating, but not calorically dense.  65 

2.1. Long-term reductions in chronic disease risk factors were 66 
observed in the follow-up participants who had completed the volunteer-67 
delivered CHIP intervention more than 3 years after program entry (mean 68 
duration = 49 months).can be achieved through an intensive, 69 
professionally-developed lifestyle intervention delivered by volunteers. 70 

3.2. The CHIP intervention is an inexpensive tool for addressing the 71 
global public health crisis of chronic disease, particularly when delivered 72 
by volunteers. 73 

Strengths: 74 
1. Long-term appraisal of a lifestyle intervention program. 75 
2. This, longest-term appraisal of CHIP to date, compares favourably with 76 

other professionally delivered CHIP interventions, including a RCT 77 
3.2. This study compares favourably with other professionally 78 

delivered non-CHIP lifestyle interventions e.g. Diabetes Prevention 79 
Program. 80 

Limitations: 81 
1. Small sample size  82 
2. Possible selection bias in the follow-up group with 37% returning for 83 

long-term follow-up. 84 
3. Compliance to lifestyle behaviours was inadequately measured. 85 

 86 
 87 
 88 
 89 
 90 
 91 
 92 
 93 
 94 
 95 
 96 
 97 
 98 
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 99 
Introduction 100 
  101 
The burden of chronic diseases, including cardiovascular disease (CVD), diabetes 102 
and cancer, represents a major health challenge worldwide [1 2]. Deaths from 103 
chronic diseases are projected to increase by 15% by 2020 [1]. Unhealthy 104 
lifestyle is recognized as one of the major risk factors of chronic diseases [1] and 105 
lifestyle interventions have been shown to be efficacious for their primary, 106 
secondary and early tertiary prevention [3-8]. Consequentially, lifestyle 107 
interventions are attracting increasing attention for managing the burgeoning 108 
rise of chronic disease.  109 
 110 
While the merits of lifestyle interventions for managing chronic diseases are 111 
acknowledged, concerns exist regarding recidivism and cost. Health behavior 112 
decay is commonly observed in weight loss interventions, with long-term 113 
adherence to dietary modifications typically only achieved by a small proportion 114 
of individuals [9 10].  Notwithstanding, the Diabetes Prevention Program has 115 
shown meaningful reductions in body mass for up to 10 years after program 116 
entry [11]. With regards to cost, lifestyle interventions are often resource 117 
intensive and hence expensive. Residential programs, while demonstrating a 118 
high level of efficacy in the short-term, are especially cost prohibitive for many 119 
individuals. However, an increasing number of community-based interventions 120 
are becoming available. Recently, an adaptation of the Diabetes Prevention 121 
Program, utilizing community-health workers in community settings, was shown 122 
to be effective in reducing and maintaining reductions in weight, waist 123 
circumference and various diabetes indices two years after program entry [12].   124 
 125 
The Complete Health Improvement Program (CHIP) is an intensive, community 126 
based lifestyle intervention that has demonstrated significant short-term 127 
benefits for the management of a number of chronic diseases [13-16]. The CHIP 128 
intervention has been delivered by both health professionals [17 18] and trained 129 
volunteers [7 8]. The aim of this study was to examine the long-term 130 
effectiveness of volunteer-delivered CHIP interventions which can be facilitated 131 
inexpensively. 132 
 133 
Methods 134 
 135 
The study targeted a rural community in New Zealand where 30-day CHIP 136 
interventions have been delivered by a team of volunteers since 2007. The 137 
volunteers had undergone two days of training to develop group facilitation 138 
skills and then been equipped with the comprehensive CHIP resource package 139 
that included: a curriculum guide for program delivery, 16 pre-recorded 140 
educational lectures presented by qualified experts, a cookbook and participant 141 
textbook and journal. The role of the volunteer director was to organise and 142 
facilitate the proceedings of the group sessions, not to educate. 143 
 144 
All 323 individuals, who had previously completed the CHIP intervention, were 145 
invited, by letter, to participate in a follow-up study, irrespective of their 146 
outcomes at 30 days.  The letter included information detailing the intent of the 147 
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study, as well as a complimentary follow-up medical assessment and a form for 148 
the participant to provide informed consent. Though the purpose of the study 149 
was to look at the long-term effects of the program (3+yrs) it was considered 150 
ethical to offer a follow-up health check to all the participants. Of the 192 that 151 
replied (59% response rate), 142 consented to participate; 50 did not.  On the 152 
designated day for the study, 130 returned for the follow-up assessment. Of 153 
these 130 individuals, 106 (age = 64.9±7.4 years, range 42-87 years) who had 154 
completed the intervention three or more years previously (mean = 49.2±10.4 155 
months, range = 3-5 years) were included in this study. As 284 of the original 156 
cohort of 323 participants had completed the intervention three or more years 157 
previously, the response rate for this study was 37%.  158 
 159 
Participants who completed the intervention three or more years previously 160 
(N=284) were invited to participate in the study, which involved a 161 
complimentary follow-up medical assessment. Of these 284 individuals, 106 (age 162 
= 64.9±7.4 years, range 42-87 years) agreed to participate in the study (37% 163 
response rate). These individuals had completed the CHIP intervention on 164 
average 49.2±10.4 months (range = 3-5 years) prior to follow-up. 165 
 166 
The 30-day group-based CHIP intervention, previously described [7 8], had 167 
encouraged and supported the participants to move towards a low-fat, plant-168 
based diet ad libitum, with emphasis on the whole-foods consumption of grains, 169 
legumes, fruits and vegetables. The program had also encouraged participants to 170 
engage in 30 minutes of moderate-intensity physical activity daily and practice 171 
stress management techniques. Following completion of the program, a monthly 172 
support group was offered to the participants to reinforce lifestyle behaviour 173 
changes, and build a network of support and ongoing education, although it was 174 
not considered part of the intervention. The follow-up study was not planned at 175 
the time the participants enrolled in their respective CHIP programs and so 176 
participants were not advised of this eventuality. Invitations were extended to all 177 
participants to attend the follow-up study, regardless of whether or not they 178 
chose to attend the monthly support meetings.  The same team of volunteer 179 
facilitators had delivered all the CHIP interventions in a uniform manner, 180 
utilizsing the program resources provided.  181 
 182 
At program entry, program completion (30 days) and follow-up (approximately 183 
4 years), the participants’ height, weight and BP were taken by registered nurses, 184 
and fasting (12-hour) blood samples were collected by trained phlebotomists 185 
and analyzed by a local pathology laboratory. Blood samples were analyzsed for 186 
TC, LDL, HDL, TG and FPG levels. At follow-up, participants were also asked to 187 
complete a questionnaire that assessed their compliance with lifestyle principles 188 
advocated by the CHIP intervention. Participants were also asked about their 189 
attendance at the post-intervention monthly support meetings.  190 
 191 
The data were analyzed using IBM™ Statistics (version 19) and expressed as 192 
mean±standard deviation. The extent of changes (percent, and mean with 95% 193 
confidence intervals (CI)) from baseline to post-intervention (30 days) and 194 
follow-up (mean = 49 months) were assessed using Analysis of Variance 195 
(repeated measures). We have previously shown that participants who make the 196 
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greatest improvements in their biometrics during the CHIP intervention are 197 
those with the highest baseline levels [7]. Hence, the participants were stratified 198 
by normal or elevated baseline biometric levels.  Cut-points for the biometrics 199 
included in the Metabolic Syndrome assemblage, as described by Alberti, et al. 200 
[19], were used: raised blood pressure (systolic ≥130 mmHg and/or diastolic ≥ 201 
85 mmHg), elevated FPG (≥5.5mmol/L), increased TG (≥1.7mmol/L), decreased 202 
HDL (<1.03mmol/L in males and <1.3mmol/L in females) and waist 203 
circumference indicative of central obesity. As waist circumference was not 204 
measured in this study, body mass index (BMI) >30 kg/m2 was used as a 205 
surrogate, as suggested by the International Diabetes Federation (IDF, 2006). 206 
Cut-points for TC (≥5.2mmol/L) and LDL (≥2.6mmol/L), not part of the suite of 207 
Metabolic Syndrome risk factors, were taken from the National Cholesterol 208 
Education Program Adult Treatment Panel III guidelines [20]. Pearson’s Chi-209 
square test was used on all demographic data variables, in order to investigate 210 
trends between participants who returned for follow-up and those who did not. 211 
Independent t-tests were used to compare baseline biometrics. The relationships 212 
between nominal variables likely to be associated with CHIP compliance were 213 
examined using Spearman’s rank-order correlation (ρ) with two-tailed tests of 214 
significance. Participants were asked to what extent they adopted the principles 215 
promoted in the CHIP intervention since completing the program and a  216 
dichotomous variable was created: compliant (“all” or “most of principles”) and 217 
non-compliant (“a few” or “none of principles”).  For all analyses, results were 218 
considered significant at P < 0.05.   219 
 220 
Results 221 
 222 
Significant improvements in all biometrics were observed over the 30-day 223 
intervention for the 106 participants who returned for the follow-up assessment 224 
(Table 1), which is consistent with other studies of the 30-day effectiveness of 225 
the CHIP intervention [7 8]. However, the primary interest of this study was the 226 
longer-term sustainability.  All biometrics significantly increased from program 227 
completion to follow-up (Table 1). However, weight was the only biometric in 228 
which a net improvement was sustained in the long-term. Participants were able 229 
to maintain an average 1.6% decrease in body weight over the long term 230 
compared to their weight at program entry. On the other hand, following 231 
program completion, SBP increased resulting in a net 4.2% increase from 232 
baseline to follow-up. 233 
 234 
Table 1 Changes in biometrics at completion of the 30-day CHIP intervention.  235 

N Baseline 30 days Mean change (95% 
CI) 

% 
change 

Weight (kg) 106 83.42±17.05 79.63±15.93 -3.79 (-4.20 to -3.38) -4.5** 
BMI (kg/m2) 106 30.07±5.57 28.72±5.28 -1.35 (-1.49 to -1.21) -4.5** 
SBP (mmHg) 106 130.32±13.05 123.00±11.42 -7.32 (-9.48 to -5.17) -5.6** 
DBP (mmHg) 106 76.92±10.30 73.41±10.47 -3.51 (-5.46 to -1.56) -4.6* 
TC (mmol/L) 106 5.35±1.04 4.33±0.99 -1.01 (-1.13 to -0.90) -18.9** 
HDL (mmol/L) 106 1.35±0.32 1.23±0.28 -0.12 (-0.15 to -0.09) -8.7** 
LDL (mmol/L) 106 3.36±0.94 2.56±0.86 -0.80 (-0.90 to -0.70) -23.7** 
TG (mmol/L) 106 1.41±0.74 1.22±0.61 -0.18 (-0.29 to -0.08) -13.1* 
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FPG (mmol/L) 106 5.72±1.07 5.36±0.65 -0.37 (-0.50 to -0.23) -6.4** 
**p<0.001, **p<0.05 236 
 237 
Table 2 Baseline characteristics of participants who attended follow-up and 238 
those who did not.  239 

Characteristic 
Attended 
follow-up (%) 

Did not attend 
follow-up (%) p 

   

Gender Male 37 (35.2) 62 (34.6) 0.92    
 Female 68 (64.8) 117 (65.4)     
Marital status Single 3 (3.0) 13 (7.6) 0.18    
 Married 90 (90) 136 (80.0)     
 Divorced 4 (4.0) 10 (5.9)     
 Widowed 3 (3.0) 11 (6.5)     
        
        
        
Age, mean (SD), years 60.58 (8.41) 58.35 (12.49) 0.07    
Weight, mean (SD) kg 83.44 ( 17.13) 91.14 (19.17) 0.001    
BMI, mean (SD), kg/m2 30.04 (5.58) 32.92 (6.56) <0.001    
SBP, mean (SD), mmHg 130.26 (13.09) 132.92 (15.55) 0.14    
DBP, mean (SD), mmHg 77.03 (10.28) 77.36 (11.34) 0.80    
TC, mean (SD), mmol/l 5.35 (1.05) 5.27 (1.11) 0.52    
LDL, mean (SD), mmol/l 3.37 (0.93) 3.26 (0.97) 0.35    
HDL, mean (SD), mmol/l 1.34 (0.32) 1.26 ((0.34) 0.05    
TG, mean (SD), mmol/l 1.41 (0.74) 1.63 (0.84) 0.03    
FPG, mean (SD), mmol/l  5.72 (1.08) 6.10 (1.86) 0.03    

 240 
Table 2 shows baseline characteristics of participants who did and did not attend 241 
the 3-5 year follow-up testing. There were no significant differences between the 242 
participants who did and did not undergo the 3-5 year follow-up testing in 243 
baseline age (60.6 versus 58.4 years, p=0.07), gender (35.2% versus 34.6% men, 244 
p=0.92), marital  status (90% versus 80% married, p=0.18), smoking status 245 
(70.3% versus 68.8%, p=0.28).  Table 21 also shows baseline characteristics of 246 
participants who did and did not attend the 3-5 year follow-up testing. There 247 
were no significant differences between the participants who did and did not 248 
undergo follow-up testing in SBP, DBP, TC, LDL and HDL. Individuals who did not 249 
attend the follow-up had significantly higher BMI, TG and FPG at program entry. 250 
There were also no significant differences between those who did and who did 251 
not attend follow-up in 30-day levels of SBP, DBP, TC, LDL and FPG (Table 1). 252 
However, there were no significant , indifferences in the amount of change 253 
experienced in any of the biometrics during the 30-day intervention, even for the 254 
biometrics that were different between the groups at baseline (BMI: 1.35±0.77 255 
kg/m2 versus 1.35±0.72 kg/m2, p=1.00; TG: 0.16±0.64 mmol/L versus 0.19±0.56 256 
mmol/L, p=0.71; FPG: 0.55±1.49 mmol/L versus 0.36±0.70 mmol/L, p=0.23). 257 
 258 
Of theFor all 106 individuals who attended the follow-up, no significant change 259 
in any biometric was found. However, when changes in the biometrics were 260 
examined by baseline level of risk, significant decreases in several biometrics 261 
were observed (Table 32). Participants with elevated BMI, DBP, TC and TG at 262 
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program entry had significantly lowered levels of these biometrics at the 49-263 
month follow-up (Table 23). Conversely, follow-up levels of BP, LDL and FPG 264 
increased above baseline levels for participants who commenced the program 265 
with normal levels (Table 32).  266 

 267 
Of the 106 CHIP participants who returned for follow-up assessments 71 (67%) 268 
reported being compliant to the lifestyle principles following completion of the 269 
30-day program. However, no compliance information was recorded for the 270 
original cohort who did not attend the follow-up assessment. Participants who 271 
reported being compliant were 2.8±5.8 kg (95% CI -4.48 to -1.11) (p<0.001) 272 
lighter at follow-up compared to program entry whereas the non-compliant 273 
participants had gained 1.8±7.0 kg (95% CI -1.27 to 4.82) (p=0.46), amounting to 274 
a change difference of almost 5 kg between the groups (p=0.001). The compliant 275 
and non-compliant groups were further analyzed according to baseline 276 
biometric risk levels (Table 43). Similar trends can be observed in Tables 3 and 277 
4; however, compliant individuals who entered the program at elevated risk had 278 
even greater improvements in BMI, DBP and FPG (Table 43). Notably, compliant 279 
participants with elevated BMI at program entry weighed 4.9±7.2 kg (95% CI -280 
8.10 to 1.62) less at the 3-5 year follow-up (p=0.002). Compliant participants 281 
with elevated baseline biometrics had significant reductions at follow-up for 3 of 282 
the 5 criteria for the Metabolic Syndrome. Conversely, compliant participants 283 
who commenced the program with normal baseline levels reported increases at 284 
follow-up in several biometrics (Table 43). Analyses of the non-compliant 285 
participants by baseline risk levels were not possible due to small numbers. 286 
 287 
Post-intervention compliance was positively correlated with attendance at the 288 
monthly support meetings (ρ=0.402, p<0.001). Although only 26 of the study 289 
participants reported attending these meetings, all of these individuals reported 290 
being compliant to the lifestyle principles presented in the program. These 291 
individuals had a 3.5±4.8 kg (95% CI -5.95 to -1.12) (p=0.003) weight loss at 292 
follow-up but this was not significantly different (p=0.50) to the compliant 293 
individuals who did not attend the monthly support meetings (2.6±6.2 kg, 95% 294 
CI -4.92 to -0.24; p=0.03). While only few in number (N=13), participants who 295 
attended the support meetings and entered the program with elevated BMI had a 296 
highly significant weight loss at follow-up (5.6±5.3 kg, 95% CI -9.71 to -1.46; 297 
p=0.008). Yet this was once again not significantly different (p=0.82) to the 298 
compliant individuals who entered the program with elevated BMI but did not 299 
attend the support meetings (N=18; 5.0±8.2 kg, 95% CI -10.11 to 0.11; p=0.06).  300 
 301 
Attendance at monthly support meetings was not related to participating in the 302 
CHIP intervention with a spouse or friend (ρ=0.008, p=0.93): equal proportions 303 
of participants who attended with a partner either did or did not attend support 304 
meetings (69.2% versus 68.4%, p=0.93). Similarly, attending the CHIP 305 
intervention with a partner was not related to reported compliance at follow-up 306 
(ρ=0.17, p=0.08): there was no difference in the proportion of individuals who 307 
participated with a partner who reported being compliant or not compliant 308 
(73.2% versus 55.9%, p=0.08). 309 
 310 
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Table 1 Baseline biometrics and changes from baseline for participants who attended long-term follow-up (n=106) and those who did not (n=178) 
Biometric Attendance at 

follow-up 
N Baseline  30 days Mean change 30 days 

(95% CI) 
% 
change 

3-5 years 
follow-up 

Mean change 3-5 
years (95% CI) 

% 
changeˡ 

Weight (kg) Attended  106 83.42±17.05 79.63±15.93 -3.79 (-4.20 to -3.38) -4.5** 82.12±16.17 -1.30 (-2.84 to 0.24) -1.6* 
 Did not attend 178 91.14±19.1† 87.36±18.18‡‡ -3.78§ (-4.12 to -3.44) -4.1**    
BMI (kg/m2) Attended  106 30.07±5.57 28.72±5.28 -1.35 (-1.49 to -1.21) -4.5** 29.78±5.24 -0.29 (-0.84 to 0.25) -1.0 
 Did not attend 178 32.92±6.56†† 31.57±6.30‡‡ -1.35§ (-1.47 to -1.24) -4.1**    
SBP (mmHg) Attended  106 130.32±13.05 123.00±11.42 -7.32 (-9.48 to -5.17) -5.6** 135.82±14.98   5.50 (1.95 to 9.05) 4.2** 
 Did not attend 178 132.92±15.55 125.98±13.88 -6.94§ (-9.82 to -5.05) -5.2**    
DBP (mmHg) Attended  106 76.92±10.30 73.41±10.47 -3.51 (-5.46 to -1.56) -4.6* 78.40±11.60   1.48 (-0.79 to 3.76) 1.9 
 Did not attend 178 77.36±11.34 73.04±10.45 -4.32§ (-5.81 to -2.83) -5.6**    
TC (mmol/L) Attended  106 5.35±1.04 4.33±0.99 -1.01 (-1.13 to -0.90) -18.9** 5.31±1.19 -0.04 (-0.29 to 0.21) -0.7 
 Did not attend 178 5.27±1.11 4.31±1.01 -0.96§ (-1.05 to -0.86) -18.2**    
HDL (mmol/L) Attended  106 1.35±0.32 1.23±0.28 -0.12 (-0.15 to -0.09) -8.7** 1.31±0.33 -0.04 (-0.10 to 0.10) -3.3 
 Did not attend 178 1.26±0.34 1.13±0.28‡ -0.13§ (-0.16 to -0.11) -10.3**    
LDL (mmol/L) Attended  106 3.36±0.94 2.56±0.86 -0.80 (-0.90 to -0.70) -23.7** 3.39±1.01   0.03 (-0.19 to 0.26) 1.0 
 Did not attend 178 3.26±0.97 2.51±0.85 -0.75§ (-0.83 to -0.66) -23.0**    
TG (mmol/L) Attended  106 1.41±0.74 1.22±0.61 -0.18 (-0.29 to -0.08) -13.1* 1.32±0.64 -0.08 (-0.25 to 0.09) -5.9 
 Did not attend 178 1.63±0.84† 1.47±0.66‡ -0.16§ (-0.25 to -0.06) -9.8*    
FPG (mmol/L) Attended  106 5.72±1.07 5.36±0.65 -0.37 (-0.50 to -0.23) -6.4** 5.65±0.95 -0.07 (-0.27 to 0.13) -1.3 
 Did not attend 178 6.10±1.86† 5.55±1.10 -0.55§ (-0.77 to -0.33) -9.0**    
†† difference in baseline between those who attended follow-up and those who did not at p<0.001 level of significance; † difference in baseline between those who attended follow-311 
up and those who did not at p<0.05 level of significance; ‡‡ difference at 30 days between those who attended follow-up and those who did not at p<0.001 level of significance; ‡ 312 
difference at 30 days between those who attended follow-up and those who did not at p<0.05 level of significance; § difference in amount of change between those who attended 313 
follow-up and those who did not at p>0.05 level of significance; ** p<0.001; *p<0.05; ˡ % change from baseline 314 
 315 
 316 
 317 
 318 
 319 
 320 
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Table 32 Changes in biometrics at program completion and 3-5 yearsbaseline, 30 days and 3-5 years follow-up for participants with 321 
elevated by baseline risk levels (n=106) 322 

Factor Risk level N Baseline 30 days % change; mean change  
(95% CI) 

3-5 years 
follow-up 

% change; mean change 
(95%CI) 

BMI 
(kg/m2) 

≤30 kg/m2 62 26.75±2.33 25.58±2.17 -4.4; -1.17 (-1.33 to -1.02)** 27.03±3.01 1.1; 0.28 (-0.34 to 0.90) 
>30 kg/m2 44 34.75±5.44 33.15±5.20 -4.6; -1.60 (-1.93 to -1.27)** 33.65±5.28 -3.2; -1.10 (-2.04 to -0.16)* 

SBP 
(mmHg) 

<130mmHg 46 119.04±8.06 117.89±10.91 -1.0; -1.15 (-4.82 to 2.51) 129.67±14.23 8.9; 10.63 (5.38 to 15.89)** 
≥130 mmHg 60 138.97±8.84 126.92±10.27 -8.7; -12.05 (-15.14 to -8.96)** 140.53±13.49 1.1; 1.57 (-3.04 to 6.17) 

DBP 
(mmHg) 

<85mmHg 79 72.75±8.25 72.00±10.39 -1.0; -0.75 (-3.20 to 1.70) 77.58±11.23 6.6; 4.84 (2.19 to 7.48)** 
≥ 85mmHg 27 89.11±4.12 77.52±9.77 -13.0; -11.59 (- 16.15 to -7.03)** 80.78±12.55 -9.4; -8.33 (-14.40 to -2.27)* 

TC 
(mmol/L) 

<5.2mmol/L 48 4.41±0.52 3.60±0.64 -18.4; -0.81 (-0.98 to -0.65)** 4.73±1.11 7.3; 0.32 (-0.03 to 0.68)^ 

(≥5.2mmol/L 58 6.12±0.66 4.94±0.80 -19.2; -1.18 (-1.39 to -0.97)** 5.78±1.04 -5.5; -0.34 (-0.66 to -0.01)* 
HDL 
(mmol/L) 

≥1.03mmol/L (males); 
≥1.3mmol/L (females) 

72 1.50±0.27 1.34±0.25 -10.5; -0.16 (-0.12 to -0.20) ** 1.40±0.30 -6.7; -0.10 (-0.05 to -0.15)** 

<1.03mmol/L (males); 
<1.3mmol/L (females) 

34 1.04±0.17 1.00±0.17 -3.4; -0.04 (-0.08 to 0.01) 1.11±0.31 7.2; 0.07 (-0.01 to 0.16) 

LDL 
(mmol/L) 

<2.6mmol/L 20 2.07±0.50 1.50±0.40 -27.5; -0.57 (-0.73 to -0.41)** 2.59±0.83 25.2; 0.52 (0.10 to 1.04)* 
≥2.6mmol/L 86 3.66±0.73 2.81±0.74 -23.2; -0.85 (-0.99 to -0.71)** 3.58±0.96 -2.2; -0.08 (-0.32 to 0.16) 

TG 
(mmol/L) 

<1.7mmol/L 80 1.09±0.32 1.05±0.37 -3.5; -0.04 (-0.11 to 0.04)* 1.19±0.56 9.6; 0.11 (-0.05 to 0.26) 
≥1.7mmol/L 26 2.39±0.78 1.76±0.87 -26.5; -0.64 (-1.08 to -0.19)* 1.73±0.72 -27.5; -0.66 (-1.09 to -0.23)* 

FPG 
(mmol/L) 

<5.5mmol/L 66 5.17±0.29 5.06±0.30 -2.1; -0.11 (-0.21 to -0.01_* 5.29±0.40 2.4; 0.13 (0.03 to 0.22)* 
≥5.5mmol/L 40 6.64±1.26 5.85±0.76 -11.8; -0.79 (-1.14 to -0.43)** 6.24±1.27 -6.0; -0.40 (-0.89 to 0.10) 

**p<0.001; *p<0.05; ^p<0.1 323 
 324 
 325 
 326 
 327 
 328 
 329 
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Table 43 Changes in biometrics at program completionbaseline, 30 days  and 3-5 years follow-up by baseline level among self-reported 330 
compliant participants (n=71) 331 

Factor Risk level N Baseline 30 days % change; mean change 
(95%CI) 

3-5 years 
follow-up 

% change; mean change  
(95%CI) 

BMI 
(kg/m2) 

≤30 kg/m2 39 26.51±2.50 25.33±2.34 -4.5; -1.18 (-1.40 to -0.97** 26.22±2.75 -1.1; -0.29 (-0.92 to 0.24) 
>30 kg/m2 32 34.82±4.54 33.29±4.24 -4.4; -1.53 (-1.92 to -1.15** 33.35±4.77 -4.2; -1.47 (-2.67 to -0.27)* 

SBP 
(mmHg) 

<130mmHg 35 119.00±8.78 116.94±11.65 -1.7; -2.06 (-6.58 to 2.47) 127.91±12.91 7.5; 8.91 (3.54 to 14.29)* 
≥130 mmHg 36 138.50±8.39 127.33±9.09 -8.1; -11.17 (-14.79 to -7.55)** 140.28±14.83 1.3; 1.78 (-4.74 to 8.29) 

DBP 
(mmHg) 

<85mmHg 55 72.93±8.65 71.60±10.84 -1.8; -1.33 (-4.31 to 1.66) 78.31±11.61 7.4; 5.38 (2.53 to 8.23)** 
≥ 85mmHg 16 88.31±3.16 76.88±7.85 -13.0; -11.44 (-16.94 to -5.93)** 77.13±12.13 -12.7; -11.19 (-19.10 to -3.28)* 

TC 
(mmHg) 

<5.2mmol/L 31 4.34±0.55 3.61±0.65 -16.9; -0.73 (-0.92 to -0.55)** 4.65±1.07 7.1; 0.31 (-0.15 to 0.76) 
≥5.2mmol/L 40 6.10±0.57 4.95±0.78 -18.8; -1.15 (-1.40 to -0.90)** 5.78±0.95 -5.3; -0.33 (-0.69 to 0.04)^ 

HDL 
(mmHg) 

≥1.03mmol/L (males); 
≥1.3mmol/L (females) 

51 1.51±0.26 1.35±0.23 -10.3; -0.16 (-0.21 to -0.10)** 1.40±0.29 -7.4; -0.11 (-0.19 to -0.03)* 

<1.03mmol/L (males); 
<1.3mmol/L (females) 

20 1.05±0.16 1.03±0.18 -2.3; -0.02 (-0.09 to 0.05) 1.06±0.23 0.5; 0.01 (-0.09 to 0.10 

LDL 
(mmHg) 

<2.6mmol/L 15 2.03±0.57 1.45±0.44 -28.9; -0.59 (-0.78 to -0.39)** 2.63±0.95 29.4; 0.60 (-0.10 to 1.30) 
≥2.6mmol/L 56 3.68±0.67 2.89±0.72 -21.6; -0.80 (-0.96 to -0.63)** 3.59±0.93 -2.5; -0.09 (-0.36to 0.17) 

TG 
(mmHg) 

<1.7mmol/L 52 1.03±0.32 0.99±0.31 -3.5; -0.04 (-0.13 to 0.06) 1.13±0.62 10.1; 0.10 (-0.12 to 0.32) 
(≥1.7mmol/L 19 2.33±0.80 1.69±0.88 -27.3; -0.64 (-1.10 to -0.18)* 1.71±0.76 -26.8; -0.62 (-1.10 to -0.15* 

FPG 
(mmHg) 

<5.5mmol/L 48 5.15±0.30 5.06±0.30 -1.9; 0.10 (-0.23 to 0.03) 5.32±0.39 3.3; 0.17 (0.05 to 0.28)* 
≥5.5mmol/L 23 7.04±1.49 5.96±0.83 -15.4; -1.09 (-1.62 to -0.55)** 6.31±1.33 -10.4; -0.74 (-1.36 to -0.11)* 

**p<0.001; *p<0.05; ^p<0.1 332 
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Discussion 333 
 334 
Substantial reductions in selected chronic disease risk factors were achieved 335 
within the 30-day CHIP lifestyle intervention, and importantly, the majority of 336 
these reductions were maintained three or more years among those participants 337 
who returned for follow-up assessment and entered the program with elevated 338 
biometrics. These findings are particularly noteworthy as the intervention was 339 
administered by trained volunteers, which is a very cost-effective mode for 340 
delivering lifestyle interventions.  341 
 342 
Strengths of this study and comparison with other studies 343 
 344 
The 30-day results observed in this study are comparable to other studies of the 345 
CHIP intervention delivered by both health professionals and trained volunteers 346 
in the United States and Australasia [7 8 15]. Longer-term studies of participants 347 
in two professionally presented CHIP interventions have separately shown 348 
decreases in most biometrics at six and 12 months follow-up [17 18]. However, 349 
the present study is the longest-term appraisal of the CHIP intervention, and the 350 
only study of the sustainability of improvements achieved following 351 
participation in volunteer-delivered programs.  The results in this study are 352 
similar in magnitude to those observed in a professionally-delivered randomized 353 
control trial in which the participants entered the program with much higher 354 
levels of BMI, DBP, TC, TG and FPG than the participants in this study[21].  355 
 356 
The results of this study also compare favourably to other professionally 357 
delivered lifestyle interventions [22-24]. One of the goals of the Diabetes 358 
Prevention Program is for a reduction in body weight of at least 7% [25]. 359 
Participants in the present study with elevated FPG at program entry and who 360 
reported being compliant to the lifestyle principles presented in the CHIP 361 
intervention achieved a 5.2% reduction in body weight. This is a noteworthy 362 
outcome given that many of these participants did not receive ongoing support 363 
beyond the 30-day intervention. While ongoing support is recognized as 364 
important for minimizing health behavior decay and maintenance of long-term 365 
behavior change [26 27], these results suggest that even a short-lasting lifestyle 366 
intervention can have long-lasting benefits. It is also interesting that attending 367 
the post-intervention support meetings or participating in the CHIP intervention 368 
with a partner was not related to post-intervention compliance to the lifestyle 369 
principles presented in the program. Other researchers have found attending an 370 
intervention with a spouse or friend provides the greatest long-term weight loss 371 
[28 29]. The outcomes of this study may have been improved if all participants 372 
had engaged in ongoing support meetings. Even so, meaningful improvements in 373 
chronic disease risk factors can be achieved in some individuals without follow-374 
up support. Strategies, however, for optimizing engagement in lifestyle 375 
interventions and increasing attendance at support meetings need to be 376 
explored further.  377 
 378 
Factors contributing to the outcomes 379 
 380 
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One of the factors that may have contributed to the sustained outcomes observed 381 
in this study is the intensiveness of the intervention. With the intervention 382 
comprising 16 group sessions, CHIP is more intensive than most other 383 
community-based lifestyle interventions [11 30 31]. Studies of the long-term 384 
effectiveness of lifestyle interventions for reducing body weight, lipid levels, 385 
diabetes control and even the regression of atherosclerotic plaques, have shown 386 
a clear dose response [3 5 6 32]. However, other interventions in the literature 387 
are typically of three months duration, which may be more desirable for optimal 388 
long-term effects than the 30-day CHIP intervention [33]. Indeed, there is a need 389 
for further research to determine the most efficacious dosages of lifestyle 390 
interventions with regards to the number of sessions, program duration, and the 391 
type and magnitude of lifestyle modifications targeted. While cost was not a 392 
concern in this study as volunteers delivered the interventions, an 393 
understanding of dose response when applying lifestyle interventions will be an 394 
important consideration for making professionally delivered programs cost 395 
effective.  396 
 397 
A second factor that may have contributed to the sustained weight loss observed 398 
in this study is the unique eating pattern advocated in the CHIP intervention. 399 
Most weight loss programs restrict energy intake by limiting portion sizes or 400 
food choices. However, this approach tends to result in hunger and 401 
dissatisfaction with the eating regime, which contributes to low compliance and 402 
weight regain [34-36]. Indeed, weight loss is rarely seen beyond two years of 403 
treatment [36 37]. The CHIP intervention allows an ad libitum eating pattern that 404 
emphasises the consumption of plant-based, whole-foods, which are high in bulk, 405 
and therefore satiating, yet by nature not calorically dense. This ad libitum eating 406 
pattern may be more acceptable to the participant than more restrictive diets. In 407 
fact, Barnard, et al. [38] reported similar levels of acceptability of plant-based 408 
diets to more traditional diets such as that recommended by the American 409 
Dietetic Association.  410 
 411 
Long-term compliance to prescriptive regimes may also be more likely when 412 
participants enter a program with more adverse health parameters. Various 413 
studies have shown that patients with established disease are able to maintain 414 
high levels of adherence to intensive and prescriptive regimes [3 5 6 32 39]. 415 
Indeed, adherence to structured regimes has been shown to be more effective for 416 
weight loss than focusing on the macronutrient distribution [40 41].  In the 417 
present study, more promising outcomes were found among at-risk patients who 418 
reported being compliant to the CHIP lifestyle principles and entered the 419 
program with BMI indicative of obesity, and lipid and FPG profiles indicative of 420 
MetS.  Likely, these individuals entered the program with an elevated readiness 421 
for change and hence willingness to engage in the intervention [42]. 422 
 423 
Limitations of the study 424 
 425 
There are some limitations of this study that may have affected the observed 426 
results. Firstly, only 37% of participants accepted the invitation to attend the 427 
long-term follow-up assessment. The results of this analysis are therefore 428 
applicable to those participants who attended the long-term assessment and are 429 
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not generalisable to the original cohort. While this represents a typical response 430 
rate for behavioural interventions [43], it is possible that the individuals who 431 
were more compliant to the lifestyle principles presented in the intervention 432 
were more inclined to return for retesting, thereby biasing the outcomes. There 433 
were essentially no differences between those who did and did not return for the 434 
long-term follow up assessment in their biometrics at program entry or the 435 
outcomes achieved during the 30-day intervention, so these factors do not 436 
appear to account for the difference in response rate. It is likely that some of the 437 
121 participants who did not respond to the invitation could not be contacted as 438 
they were no longer residing in the area or were not available at the time of 439 
retesting, or chose not to respond. Some of those choosing not to return may 440 
have done so because they had not been compliant to the CHIP principles. 441 
Nevertheless, even if the 71 participants who reported they were compliant 442 
comprised all the compliant individuals from the original study sample of 284, 443 
this would still represent 25% of the original cohort. Hence, it is encouraging 444 
that between 25-70% of the individuals who participated in the CHIP 445 
intervention reported being compliant to the lifestyle principles promoted in the 446 
program on average 4 years after the 30-day intervention. Self-reported 447 
compliance was a further limitation of the study. As this was a subjective 448 
measure, variation in adherence to the CHIP lifestyle principles may have 449 
attenuated the long-term outcomes in the compliant group.  450 
 451 
Lifestyle behaviours, such as dietary intake and physical activity, were also 452 
inadequately measured in the study. Therefore, it was not possible to determine 453 
the extent of changes in lifestyle behaviours the participants adopted during, and 454 
subsequent to, the 30-day intervention. Longitudinal studies need to collect 455 
comprehensive and validated lifestyle measurements and use these consistently 456 
throughout the duration of the study. Finally, the study only involved a small 457 
sample. Further investigation on a larger cohort it warranted.  458 
 459 
Implications for public health and future directions 460 
 461 
The novel finding of this study is that long-term reductions in chronic disease 462 
risk factors can be achieved through an intensive, professionally-developed 463 
lifestyle intervention delivered by volunteers. Harnessing the energy of 464 
volunteers to facilitate lifestyle interventions may provide a cost-effective mode 465 
for administering lifestyle interventions. A randomised control trial is needed to 466 
investigate the effectiveness and sustainability of the lifestyle choices acquired 467 
during the CHIP intervention and the associated long-term improvements in 468 
chronic disease risk factors. Further, this study needs to be replicated in a larger 469 
cohort and in other settings, to ascertain the generalisability of the study results. 470 
 471 
Conclusions 472 
 473 
The CHIP intervention can achieve significant reductions in chronic disease risk 474 
factors for more than three years after program entry. Further, when delivered 475 
by volunteers, the CHIP intervention is an inexpensive tool for addressing the 476 
public health crisis of chronic disease that threatens societies, communities, 477 
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families and individuals. Further study of the long-term effectiveness of the CHIP 478 
intervention in other cultural settings is warranted. 479 
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